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An important undertaking of cereal chemists in recent years 
has been an attempt to determine the reliability of various methods 
of analysis, with a view to securing the standardization of tech- 
nic that is a prerequisite for obtaining equivalent and comparable 
results in every laboratory. Tangible evidence of wide interest 
in this problem is afforded by the creation at the First International 
Conference on Flour and Bread Manufacture, held at Prague last 
year (Johnson, 1927), of a special international commission “to 
work out uniform analytical methods for cereal chemistry”; and 
by the publication this year of an official Book of Methods by the Ameri- 
can Association of Cereal Chemists (1928). 

The purpose of this paper is to comment briefly on the results 
of certain work of this nature carried out under the direction of the 
Committee on Methods of Analysis, of the American Association 
of Cereal Chemists, as set forth in its reports for 1924, 1925, and 
1927. Our discussion will be limited to a consideration of bio- 
mietric criteria available for testing the validity of conclusions con- 
cerning the differences between various methods of analysis that 
may be proposed, and that may be applied by a number of analysts. 
Such statistical methods are concerned with final results alone, 
and do not take cognizance of such things as cost of apparatus, 
expensiveness of materials used, or time involved, which may give 
decided practical advantages in favor of methods not rating so 
high in merit by purely statistical criteria, but of sufficiently close 
approximation to the results of the more accurate methods to 
justify their use. 


1 Scholar of the Farrer Memorial Trust of Australia; later International Education 
Board Fellow, University of Minnesota 333 
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To us it appears that there are two fundamental criteria of 
the validity of any method that is tested on the basis of the analyti- 
cal results obtained with a uniform sample of unknown content of 
the constituent being determined: (1) The average yield of the sub- 
stance in question obtained by the different methods; (2) the con- 
sistency of the results obtained in reported determinations by the 
different technics. 

With respect to the first of these, methods of analysis that give 
extremely high or extremely low yields may be suspected of being 
in error unless their validity is determined by such tests as the 
quantitative recovery of known additional amounts of the sub- | 
stance added to the original unknown. In comparing any two 
methods on the basis of criteria furnished by differences in aver- 
age yield, the chemist must decide, on the basis of the fundamental 
theory underlying the analytical method employed, whether too 
‘ high or too low yields. are most probable. Thus in the present 
discussion the original unknown is in one instance the quantity 
of protein in flour. In this case, in the absence of other informa- 
tion as to the validity of the methods, it seems that those giving 
higher yields are more likely to be reliable than those giving lower 
yields, for failure to record nitrogen that is present is more likely than 
the recording of that not present. In the determination of ash 
content, a decision on a priori grounds cannot be so readily reached, 
as differences in yield may be too high because of incomplete oxi- 
dation of carbon on the one hand, or too low because of the loss 
of certain constituents by volatalization at high ee. on the 
other. 

With reference to the second criterion, an important factor 
in the usefulness of any method is the consistency of the analytical 
results obtained when the method is used by several workers. If 
various analysts cannot obtain consis.ent results with a first 
method but can obtain closely agreeing results with a second, it 
seems that the second method is superior to the first (other advan- 
tages being reasonably similar). 

We shall consider certain statistical criteria applicable to both 
of these problems. 


A. Criteria of the Significance of Differences in Analytical Yields 


The first problem is to determine whether the results of a 
series of analyses of the same sample of flour by different methods. 
indicate significantly different yields by the several methods. 
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Three criteria may be applied. The one to be selected must 
be determined largely by the nature of the data available. 

| (a) Direct Comparison of the Differences of Mean Yields with 
Reference to Their Probable Errors | 

- Workers are quite generally aware that when a moderately 
large series of analyses has been made on the same sample by two 
or more methods, their mean yields may be compared with due 
reference to their probable errors. The only point requiring em- 
phasis here is that the formula given in textbooks is in many cases 
inadequate. Thus if N analysts make determinations by any two meth- 


ods, A and B (where r,, is the correlation between 


N 

results for the two methods as obtained by each analysis, ando, and o, 
are the standard deviations of the analytical results obtained by those 
methods), E,%-3) is the probable error of the difference between — 
the mean yields obtained by the two methods. If the analyses are made 
under such conditions that theré is no significant correlation between 
the individual analyses of the two series, the third term of the numera- 
tor will vanish or may be neglected. 

The correlation between analyses made by two methods by the 
same analysts may be of such magnitude as to influence materially the 
size of the probable error of the difference between the average yields 
obtained for the two methods. 

_ As a preliminary to this point it is desirable | to indicate the wider 
significance of such correlations. 

Suppose N analysts each determine a constituent of a sample of 
flour by two methods, 4 and B. It is impossible that all obtain exactly 
the same results by either of the two methods because experimental 
etror cannot be completely eliminated in any method. Such errors 
should, however, be random errors. That is, an analyst should not 
have a definite tendency to obtain results that are generally too high 
or too low. If systematic errors* or personal equation be wholly lack- 
ing, there should be no correlation between analytical results obtained 
by workers in using two different methods. If, however, systematic 
errors occur to any extent in excess of what might be expected from 
random sampling, the correlation coefficient should have a value that is 
significant in comparison with its probable error, the magnitude of r,, 
measuring the extent of existence of personal or laboratory equation. 

2Such “systematic errors’ may be inherent in the personal equation of the analyst 


or in the standardization of equipment, technic or reagents used in both Method 4 and 
Method B. For this reason we have designated such systematic errors as “personal equation” 


_ or “laboratory equation.” 


é 
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As in any acceptable method of analysis errors should be small 
in comparison with the amount of the constituent to be measured, 
it does not seem wise to group these analytical results into the wide- 
range classes of the ordinary correlation table for the determination 
ef r, unless the number of analyses is sufficiently large to assure the 
worker that the mid-ordinates of these classes will really represent the 
value of the analyses assigned to the several classes. Instead, the 
actual values of the analyses should be used, without grouping, in deter- 
mining the correlations. This can be most efficiently done by employ- 
ing a method for the determination of r in terms of moments about 
zero as origin (Harris, 1910). 

We now examine the values of the correlation between errors 
of measurement* as computed from actual cereal chemistry data. 

The correlation between the ash contents* of flour as obtained by 
the two methods (A and B) for each of the five samples given in the 
report of 1927 were as: follows: 


Correlation and 


“ae probable error Ratio of 
sample Tap Er T4pto Er 
1 +0.4759 + 0.0769 6.19 
2 + .5944 + .0643 9.24 
3 + .7474 + .0439 17.06 
4 + .4710 + .0774 ' 6.09 
5 + 0.3965 + 0.0838 4.73 


The correlations between the protein content of flour as deter- 
mined by two methods for the 47 analysts who employed both methods, 
as given in the report for 1927, are: 


Correlation and 


— probable error Ratio of 

sample Tar + Er TAR to 
Protein in wheat +0.6348 + 0.0587 10.81 
Protein in flour + .6428 + .0577 11.14 
Protein in bran +0.5223 + 0.0715 7.30 


These results are of great significance. The coefficients range from 
(approximately) 0.40 to 0.75 and are from 4.7 to 17.1 times as large 
as their probable errors. Thus they are unquestionably statistically 
significant’ and show that these analysts have a very material personal 


3 As all analyses by both methods are made by the N analysts on the same sample of 
flour, the correlation between analytical results obtained by using two methods is in 
reality the correlation between errors of measurement made by the analyst in using the 
two methods. 

4See Appendix. 

5In this paper-.we consider only values of the correlation coefficient that are 2.5 or 
more times as large as their probable errors to be significant, as with such a ratio there _ 
is approximately only one chance in eleven of obtaining a coefficient of the given magni- 
tude from a random sample of the same size drawn from uncorrelated pairs of deter- 
minations. As the ratios increase in magnitude the probability of the significance of the 
coefficients increases very rapidly. 


é 
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or laboratory equation that tends to render analyses made by two 
methods by the same worker erroneous in the same direction. Workers 
who report results that are below the general average for one method 
will, in general, report results that are too low by another method. Simi- — 
larly, workers who report results that are above the general average by 
one method will tend to report results that are too high when deter- 
mined by a different method. 

If we can accept these data as typical, we must conclude that 
concordance of results obtained by two different methods by the same 
worker furnishes no final proof that he is really reporting the true 
value for his sample. Both results may be either too high, or too low. 
The average values may in consequence be sensibly in error. 

Turning now to the influence of these correlations on the probable 
errors of the differences in yields as determined by two methods, we 
may illustrate by the results in Table I for the two methods of deter- 
mining ash content as given for 46 analysts included in the report for 
1927. Further illustration is given in Table II, based on data drawn 
from the same source for protein determinations by 47 analysts. 


TABLE I 


Mean AsuH ContTeEnTS AS DETERMINED BY MeEtTuHopDs A B (1927 Report) 
(Values expressed in per cent) 


Uncorrected Corrected 


| probable errors probable errors 

Sample Mean yields* 2 Difference E-= - (B —A ) E (B—A) 

No. A and B (B-—A) “(B-—A) < (B—A) 
Method A Method B (B—A) (B—A) 

1 0.47572+0.0009 0.4783+0.0009 +0.0025 0.0013 +1.92 0.0010 +2.65 

2 .6881 +0 .0009 .6877+0.0011 — .0004  ¥ .0014 —0.28 .0009 —0.44 

3 .5514+0.0010 .5551+0.0012 + .0037 .0016 +2.37 . 0008 +4.50 

+ .5789 +0 .0008 .58334+0.0010 + .0044 .0013 +3 .36 .0010 +4.56 

5 0.5534+0.0007 0.5577+0.0010 +0.0043 0.0012 +3 .42 0.0010 +4 .33 


*Standard deviations given in Table V. 


In these two tables the probable error is given as determined by 
both the conventional formula and that involving the correction due 
to the correlation. The influence of the correlation coefficient on the 
ratios to their probable errors of these differences in the means is very 
material. In the ash series, the ratios derived from the uncorrected 
probable errors range from —0.28 to +3.36, whereas the ratios ob- 
tained with the corrected probable errors range from —0.44 to 
+4.56. Thus it is clear that the differences are much more clearly 
significant when the full formula for the probable error is em- 
ployed. In the case of the differences in the protein determinations 
shown in Table II, the numerical values of the ratios are also in- 
creased, but not to such an extent as to justify the differences in 
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the mean contents as determined by the two nthode being con- 
sidered statistically significant. 


TABLE II 


MEAN Protein Contents AS DETERMINED BY MeTHOps A* anv Bt (1927 REporRT) 
(Values expressed in per cent) 


Uncorrected Corrected 
probable errors - probable errors 
Sample Mean Yieldst Difference (B om A) (B— A) 
A and B (B—A) (B—A) Es (B—A) E 
7 Method A Method B | (B—A) (B—A) 
Wheat 16.3083+0.0186 16.2930+0.0167 —0.0153 0.0250 —0.61 0.0152 —1.01 
Flour 12.5443 +0.0100 12.5383+0.0114 — .0060 .0151 — .39 .0091 —0.65 


Bran 16.0798+0.0205 16.0753+0.0221 —0.0045 0.0302 -—40.15 0.0209 


*Official A. A. C. C. method. 
tCollaborators’ own methods. 
tStandard deviations given in Table VI. 


These results require a brief consideration from the chemical side. 

It will be clear from the differences and the ratios of the differ- 
ences to their corrected probable errors, in Table I, that in four cases 
out of five a significantly higher ash content is determined by the -use 
of Method B (i.e., with added glycerol-alcohol) than by the use of. 
Method A. In the protein determinations (Table II), Method B is 
in each case the collaborator’s own method, and so the constants in this 
case really represent an average of several methods. It is, therefore, 
not comparable to Method A (the official A.A.C.C. method) in the 
same sense as in the ash determinations. It is interesting to note, how- 
ever, the complete absence of significant differences in mean yield be-: 
tween the results of the official method and those obtained by the meth- 
ods selected by the collaborating analysts. So far as this criterion is 
concerned, and so far as this series of analyses may be considered typi- 
cal, the results indicate no superiority for the official method. : 


(b) A Criterion of the Deviation of the Yield of a Given 
Method from the Mean Yield of a Series of Methods 


In some cases a large number of analytical methods may be tried 
and the number of analyses by each method may be too small to make 
the comparison of the results of all pairs of methods practicable. Fur- 
thermore, the work of comparing all possible pairs of methods would 
be onerous, as the number of such comparisons would be 14n(n-1), 
where n is the number of methods. In the determinations of protein 
content by 27 different methods, as given in the 1924 report, 351 pairs 
of differences would have to be determined in order to make individual 
comparisons for all methods. Even with such a series of differences 
and their probable errors calculated, it would be difficult to select 


LLL LLL LLL 
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methods that are significantly different in yield, unless the number of 
anaylses by each method was very large. When the number is not 
large, we may apply a method given by Pearson (1906) for determining 
the significance of the deviation of the mean of a subsample from the 
mean of a sample, with a view to ascertaining whether some of the 
methods may give results that may be reasonably considered signifi- 
cantly higher or lower than the average result obtained by all the meth- 
ods tried. Such tests may at least indicate what particular methods 
should be more rigorously examined as to accuracy. 

Let M be the mean of the sample, m, the mean of the sub-sample, 
= the standard deviation of the sample and o the standard deviation 
of the sub-sample, based on N and n individuals respectively. Then the 
probable error of the deviation of the mean of the sub-sample (in this 
case the average result of analyses by any one technic) from the mean 
of all analyses is 


V5 N(N — n) 


As an example we choose the work on protein determinations 
as given in the report of 1924. Therein results are given for 5, 6, or 
7 analysts using the 27° methods, or variations of methods, of deter- 
mining nitrogen. 


Our findings for the application of Pearson’s criterion to these 
data are given as the ninth column from the left (headed eS) 


of Table III. We note that in only 3 cases out of 27 does this ratio 
exceed 2.5. Thus, so far as it can be shown by a series of analyses 
of this size, there is little differentiation between the yields given by 
the several methods. 

A feature of some interest from the ennai of methodology 
is the progressive change in the ratio as we pass from the shorter pe- 
riods of digestion with their significantly lower yields, to the longer 
periods of digestion with their probably significantly higher yields. 

6 It will be noted that in Table II of the report cited, Methods 3 and 6 in the list 
(numbering from the top) are identical, being repeated in the second case in a different 


series. For the purpose of this paper these two have been averaged for each collaborator 
and the result given as Method 8, Method 6 being dropped from the table. 


F 
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TABLE III 


CompaRISON OF MEAN YIELDS AND STANDARD DEVIATIONS OF PROTEIN CONTENT AS Derzaminsp 
Wits Dirrerent Metuops (1924 Report) 


Ste 
is 22 E (m —M) 
= 3s & ° 
Bee 
1 7.5 0.7 1512025 7 12.817 +0.0069 0.0455 +0.2 0.1625 —0.0014 —0.1 
2 25 7 32.006 + 1448 — .0192 —0.7 
9 25 12025 7 12.860 + 0806 .0671 =+1.1 .1700 + .0061 +0.2 
25 12025 7 12.827 + 0170 .0681 +0.4 11744 + .0104 +0.4 
#86 19025 7 2.858 + ©2728 .0421 +05 .146 — .0174 —0.6 
7 2512025 7 12.879 + .0684 .0426 +1.6 .1490 — .0150 —0o.5 
9 .0493 +1.2 1801 + .0161 +0.5 
7 25:12025 7 12.857 + .6470 .0595 +0.8 .2258: + .0618 +2.1 
11 220-20 0° .0464 —0O.5 -1670 + .0030 +0.1 
12 7.2 12025 + .0508 +1.4 .1872 + .0232 +0.8 
13 7.3 «25 12030 7 12.447 .0657 +0.2 -1633 — .0007 —0.0 
St 25 12020 12.822 + .0118 .0371 +0.3 .1017 — .0623 —1.8 
15 1.2 7%. 23 220 25 #3 2.708 0344 —0.8 .0902 — .0738 —2.1 
2512030 5S 12.812 + .0018 .0330 +0.1 .0838 — .0802 —2.3 
47.5 At 25 120 — 0001  —0.3 
18 7.3 25 120 682.817: + .0557  +-0..1 2088 + .0449 +41.5 
57.5 .St 25 120 7 12.746 — .0645 .0558 —1.2 .2002 + .0452 +1.5 
20 7.3 225. 23 7 0730 2845 + .1205 +4.1 
87.5 .7 25 4525 7 12.667 — .1430 .0004 -—3.5 .1382 — .0258 —0.9 
7 25 6625 7 12.714 — 0959 .0483 -—2.0 .1756 + .0116 +0.4 
25 90.25 7 1.854 + 0641 40.9 .1788 + .0148 +0.5 
26§ 7.5 7 285 120 25|| 6 12.775 — .0352 .0826 —0.7 1796 + .0156 +0.5 
7.5 120 25]| 6 12.817 + .0065 .0486 +0.1 .1627 — .0013 —0.0 
$20 12.908 +0.0027 9.0370 +2.5 0.1213 —0.0427 —1.4 
*Potassium sulphate. ar (forn=7) = +0.0296 
TYellow mercuric oxide. (for n=6) = +0.0319 
tCopper sulphate. | (forn=5) = +0.0350 


§Pumice used instead of zinc for bumping. 
|| Potassium thiosulphate. 


Further work on this particular phase of the problem was under- 
taken by the committee for 1924-25. The data from its report have 
been studied by the same method. Here, however, we have used the 
more approximate form of the expression (for greater ease of cal- 
culation), which we found adequate for this series of data. Thus 


This is the product of %: Miss Gibson’s tables (1926) and the stand- 
ard deviation of the sub-sample. 


September 1928 TRELOAR AND HARRIS 341 


The results are given as Table IV. On the first computation, the 
shorter periods of digestion gave significantly lower yields and the 
longer gave higher yields than the general average. Obviously these 
_ lower yields represent incomplete digestion and their inclusion has re- 
duced the mean yield of the whole sample. We have therefore recal- 
culated the criterion, progressively eliminating the lower digestions 
from the sample until there was no significant difference in the yields 
of the remaining digestions. Thus we find for wheat samples Nos. 
1 and 3 no significant difference in the mean yield for periods of diges- 
tion of 45 minutes or over, and for wheat sample No. 2 no significant 
differences for periods of 60 minutes and over. 


TABLE IV 


_ Deviations oF MEAN Protein DETERMINATIONS FOR INDIVIDUAL DiGestTions From GENERAL MEAN 
(Values expressed in per cent) 


; Original sample Final sample 
Standard m—M | m—M 


Period of deviation m—M E(m—wm) m—M E (m—M) 
digestion yield E(m—M) E(m—M) 
Wheat Sample No. 1 
15 min. 12.1064 0.4649 —0.5416 0.0946 
30 min. 12.5518 1561 — .0961 .0317 
45 min. 12.6800 1701 + .0320 .0346 +0.9 —0.0742 0.0346 —2.2 
1 hr. 12.7236 1598 + .0757 .0325 +2.3 — .0306 0325 —0.9 
1 hr. 15 min. 12.7900 .2088 + .1420 .0425 +3.3 + .0358 .0425 +0.8 
1 hr. 30 min. 12.7673 .1846 + .1193 .0375 +3.8 + .0130 .0375 +0.4 
1 hr. 45 min. 12.7818 .1871 + .1339 .0320 +4.2 + .0276 .0320 +0.9 
2 hr. 12.7827 1580 + .1348 .0321 +4.2 + .0285 0321 +0.9 
Wheat Sample No. 2 
15 min. 10.5027 .2812 — .4169 .0572 
30 min. 10.8755 .0968 — .0442 .0197 ww 
45 min. 10.9264 1188 + .0067 .0242 $0.3 
1 hr. 10.9609 1010 + .0413 .0205 +2.0 — .0496 0205 —2.4 
1 hr. 15 min. 11.0100 1258 + .0903 .0256 +3.5 — .0005 .0256 —0.0 
1 hr. 30 min. 11.0282 1340 + .1085 .0273 +4.0 + .0176 .0273 +0.6 
1 hr. 45 min. 11.0345 1294 + .1149 .0263 +4.4 + .0240 0263 +0.9 
2 hr. 11.0191 1497 + .0994 .0304 +3.3 + .0085 0304 +0.3 
Wheat Sample No. 3 
15 min. 13.1664 .4601 — .5632 .0936 
30 min. 13.6427 1252 — .0868 .0255 
45 min. 13.7718 1566 + .0423 .0319 +1.3 — .0661 .0319 —2.1 
1 hr. 13.8200 1169 + .0905 .0238 +3.8 — .0179 0238 —0.8 
1 hr. 15 min. 13.8627 .1812 + .1332 .0368 +3.6 + .0248 .0368 +0.7 
1 hr. 30 min. 13.8700 1764 + .1405 .0359 +3.9 + .0321 .0359 +0.9 
1 hr. 45 min. 13.8373 1456 + .1077 .0296 +3.6 — .0006 .0296 —0.0 
2 hr. 13.8655 0.1247 +0.1359 0.0254 +5.4 +0.0276 0.0254 +1.1 


These computations do not assume to allow for any differences 
in the heat-producing capacity of the digestion burners used by the col- 
‘aborators. Details concerning this factor are not given in the report. 
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That it is of importance in standardizing digestion time has been 
shown by Coleman, Fellows, and Dixon (1925). 

In view of the results here obtained, it seems desirable that fur- 
ther extensive studies of protein determinations be made with care- 
ful standardization of heat sources. Recommendations regarding this 
have been made by the committee for 1925-26, but we know of no ade- 
quate studies of the length of periods required. | 

(c) Application of the Method of Intra-Class Correlation 

Under more extreme conditions of large numbers of methods and 
small numbers of determinations by each method, we may test for the 
existence of differentiation in the yields obtained by the several meth- 
ods by determining the intra-class correlation between the results of 
the analyses by the same methods as applied by different analysts. 
Thus we may refer again to the protein determinations by 27 dif- 
ferent methods (see Table III), as given in the 1924 report. 

While analysts vary in the skill with which they apply any method, 
it should be clear that if some methods tend to give abnormally high © 
while others tend to give abnormally low results, there should be a corre- 
lation between the results obtained by different analysts in applying 
one and the same method. In Table III the methods are given in the 
horizontal arrays and the results of the various analysts form the ver- 
tical columns. We desire to measure any differentiation in the arrays. 
To determine this correlation we merely make every possible permu- 
tation of the results of the workers applying a given method, and com- 
bine the results in the form of a correlation table for all the methods 
employed. Such a table is the symmetrical correlation surface. In_ 
practice, the correlations are determined from moments without the 
formation of tables (Harris, 1913). In our illustration the classes 
are defined by the methods employed. The variates within the classes 
are the analytical results obtained by the m different analysts. Work- 
ing from the formula: 


S{ [2(p) }— S(p?) 


S[n(n-1)] S[n(n-1)] | 
S[{n(n-1)] ~S[n(n-1)] 


where p denotes protein content, © denotes summation within the indi- 
vidual classes (the results obtained by several workers employing the 
same methods), S denotes summation of classes, or of analyses through- 


September 1928 TRELOAR AND HARRIS 343 


out the whole series as may be denoted by the context, r pp, is to be 
read as the correlation between the rosie of a first and a second 
worker employing the same method. | 

Applying this method to the data of Table II of the report al- 
ready cited (in which we used the corrected columns 2¢ and /7e in- 
stead of 2 and 7 for reasons made clear in the report), we find an intra- 
class correlation of r ne tae +0.0620 +0.0499. The correlation be- 


tween the results obtained by different workers employing the same 
methods, while positive, is very low indeed. It is only 1.24 times as 
large as its prchabte error. Its significance is, therefore, open to ques- 
tion. 

Thus it is clear that, taking the series of analyses as a whole, there 
is no conclusive evidence that certain methods give significantly higher 
or significantly lower yields than the others. This result confirms the 
conclusions drawn under (b), above. 

This is a mass result for the whole series of determinations. It 
does not preclude the possibility that one or very few of the 27 meth- 
ods employed might in more extensive tests give significantly higher 
or lower yields than the others. It does indicate clearly that all these 
methods give reasonably concordant results so far as the total yield 
of protein is concerned. On the basis of this method of analysis, it 
cannot be definitely certain that any of these methods differ significantly 
from the others. 


B. Criteria of Differences in the Consistency of Analytical Results 
Obtained by Different Methods 


The consistency of the analytical results due to a given method 
may be measured in terms of the root-mean-square deviation 
of the individual analytical results from the mean of the whole 
series of analyses by the given method as applied to fractions of 
the same sample. 

If two or more methods have each been cuisine to give 
analytical results for the same sample, their consistency may be 
directly compared in terms of their standard deviations, provided 
that the number of analyses by each method is sufficiently large 
that the standard deviations will have reasonably stable values. 

Practically, two methods of procedure are available. 
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(a) Direct Comparison of Standard Deviations and Co- 
efficients of Variation 

When the number of analyses made by two or more methods 
is sufficiently large, the variabilities by the two methods may be 
directly compared. 

We may measure the variability i in absolute units by the stand- 
ard deviation, or in relative terms by the coefficient of variation. 
The former, o, is given in terms of moments about zero as origin 
(Harris, 1910) by the equation 


(v) 


where x is the variable and x its mean value. When this standard 
deviation is related to the mean value of the variable, we have the 
variability in the universally comparable terms of the coefficient of. 
variaton, V, 


We apply these criteria to the ash and protein determinations given 

in the report for 1927, and quote our results in Tables V and VI. 

The difference between two methods of making the same analysis may 

be compared with its probable error by the conventional! formula for the | 
probable error of the difference. 

The following points of interest to the student of analytical meth- 
ods are to be noted. } 

(i) In the determinations of ash content there is an apparent 
tendency for Method B (involving the use of glycerol-alcohol) to give 
slightly more variable results than Method A (direct muffle method ). 
In four of the five comparisons the standard deviations for Method 
8 are greater than those for Method A. In three of the comparisons 
the ratios of the differences between the standard deviations to their 
probable errors are 2.26, 2.70, and 2.72. While such ratios furnish 
no final proof of the existence of a general difference in the variability 
of results by the two methods, they do furnish a strong indication that 
Method B gives less consistent (more variable) results than Method A. 

The coefficients of variation and their ratios to their probable er- 
rors are also given, since they are somewhat more strictly comparable 
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as they take into account the differences in mean yield by the two 
methods. These latter differences are, however, only small, and the 
ratios as a consequence are essentially similar to those for the stand- 
ard deviations. Like the standard deviations, they furnish some evi- 
dence for the greater variability of results secured by Method B. 

(ii) The official A.A.C.C. method of determining protein gives 
results that are just as variable as the heterogeneous series afforded by 
the collaborator’s individual methods. This is striking, as it leaves 
the possibility that the official method is fully as variable in results 
as the worst of the collaborator’s methods. 

At this point attention may be invited to the relative variabilities 
of the three main chemical determinations upon wheat and flour, namely, 
protein, moisture, and ash. For this putpose we include here the co- 
efficients of variation of the moisture determinations on wheat, flour, 
and bran as given for 51 analysts i in the 1927 report. 


WHERE V = 1.452 + 0.097 


When these figures are compared with those in Tables V and VI, it 
will be noted that protein determinations show the least variability, 
about 1% on the average, while moisture determinations on wheat and 
flour come next at approximately 1.5%. Ash in flour shows somewhat 
higher variability, averaging about 1.7%. Protein and moisture deter- 
minations upon bran are clearly more variable than those on wheat 
and flour, especially in moisture determinations, where it rises to 2.4%. 

For ash in flour it may be noted that the differences in variability 
for Methods A and B vary approximately from 0.1% to 0.4% for 
the five flours used. Furthermore, the coefficient of variation appar- 
ently shifts in its level as we pass from sample to sample. Thus, if 
the values obtained with samples of 47 and 50 may be regarded as 
reasonably stable, it appears that the character of the flour may influ- 
ence the variability of its ash content as determined by different 
analysts, and also effects the discrepancy in this determination as 
between Methods A and B. 

(b) Comparison of the Variability of a Sub-Sample with that 
of the Sample from Which It is Drawn. | 

The probable error of the standard deviation 


is derived on the nna that o is either known or based on a 


EES 
E, = 0.67449 
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sample sufficiently large that the standard deviation thus determined 
may be legitimately used in place of the true but unknown value. 

We certainly cannot accept the standard deviation as based on the 
results obtained by 5 to 7 analyses as at all reliable as the real measure 
of variability of the analyses by any one method. Neither can we take 
o, as defined in equation (ii) above, as our measure of variability for 
any one method of analysis, since the relation 


shows at once that the squared standard deviation of the sample as a 
whole represents not merely the summed squared standard deviations 
of the sub-samples but also includes the squared deviation of the means 
of. the sub-samples from that of the sample. The contributions made 
by S[n(m—M)?] will be material even if the deviations (m—M) be 
non-significant. If the methods of analysis be really differentiated in 
their yields, this may be an important factor in determining the varia- 
bility of the results of all analyses. This is shown clearly in the pro- 
tein determinations from the 1924 report, which we choose as an 
illustration of the use of this criterion. Here the average standard de- 
viation of the analyses carried out by individual methods oz, is 
smaller than the standard deviation of all analyses. Thus 
2 , = 0.1930 
o, = 0.1640 

Now let us take 6, the mean standard deviation of individual 
samples, as the most probable standard deviation of the analyses due 
to any one method. Assuming also that it is based on a sufficient num- 
ber of cases that its probable error is negligibly small, the ratios of 
the deviations of a series of standard deviations of the results for 
individual methods, each based on n analyses, to their probable errors, 


Oz — Oz 
0.674496,/ ¥2n 
should be so distributed, in cases in which the sub-samples are really 
random samples from the same population, that when the signs of the 
deviations are disregarded, 


s 
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In work on a limited series this will be only approximately true. Ifa 
material proportion of the sub-samples differ in variability by an amount 
greater than that which might be expected as a result of random sam- 
pling from the same population, this value should exceed unity, and 
to an increasing amount as these differences are more significant. 

The values given by (x) appear in the final column of Table III. 
Only in one method (No. 20, where the period of digestion is 30 
minutes) does the ratio exceed 2.5. 

Summing these values and dividing by N = 27 to obtain (xi) 
we find 0.96, indicating that in their general tendency these methods 
are not significantly differentiated with regard to variability. Method 
20 does not, therefore, differ sufficiently from the general average 
to have any weight in the mass result. _ , 


Summary 


The. of equivalent and comparable results 
from all cereal-chemical laboratories is properly receiving serious con- 
sideration among workers in this field. Several collaborative studies 
of rather wide scope have already been made under the direction of the 
Committee on Methods of Analysis, of the American Association of 
Cereal Chemists. 

The value of these eieats may be very largely lost unless careful 
and accurate study is also made of the resultant data by the refined 
mathematical methods of the biometrician. 

The two criteria of fundamental importance for determining the 
validity of analytical methods when these are based solely on samples 
of unknown composition seem to us to be: 

(1) Average yields and differences of average yields of the same 
constituent of wheat or flour as determined by two or more methods. 

(2) Consistency of the results obtainable by any method of deter- 
mining a constituent when applied by various workers. 

In both cases the significance of differences in the results due to 
various methods must be tested by comparison with their probable er- 
rors. Formulae bearing on these points have been submitted, and illus- 
tration of their application has been given by use of data from the 
reports of the Committee on Methods of Analysis. 

While the primary purpose of this paper is the indication of bio- 
metric methods suitable for dealing with tests of the validity of analyti- 
cal technics, the computations have brought out the following main 
points concerning data already assembled: 
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(a) Protein 

The determination of protein in the flour is ties to be the most 
refined analysis among the three (moisture, ash, and protein), so 
far as consistency of results is concerned. 

Providing adequate digestion is given, no one method of deter- 
mining protein, as given in the reports, has been shown to be signifi- 
cantly different from any other method in the consistency of results 
_ obtained. 

In no case has it been demonstrated that significantly higher yields 
are obtained by digesting longer than 60 minutes. This does not nec- 
essarily mean that higher yields by the use of longer periods of diges- 
tion may not be demonstrated by more extensive studies with careful 
standardization of all factors. 

(b) Ash determinations: 

The glycerol-alcohol method of determining ash in flour gives sig- 
nificantly higher average yields than the straight muffle method, and it 
also tends to give significantly more variable results. 

Greater variability, with different analysts, is found in ash deter- 
minations upon flour than in protein or moisture analyses. 

(c) Systematic errors in analyses: 

The analytical determinations given in the reports studied show 
that there are very definite “systematic errors” or personal or labora- 
tory equation among analysts. The demonstration of the existence of 
this systematic error is important for two reasons: (1) It shows that 
the concordance of results obtained by the same worker, using two 
_ different methods of making the same determination, furnishes no real 
proof that he is really reporting the true value for his sample; (2) 
This “systematic error” must be taken into account in determining the — 
significance of the difference in the average yields obtained by two 
methods, differences always having a lower probable error (and a higher 
probability of significance) when correction for this factor is made. 
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APPENDIX 
Elimination of Certain Analyses from Computations 


The fixing of limits for the acceptability of results of analyti- 
cal determinations is questionable when such is not based upon 
a study of the distribution or frequency curve and a consideration 
_ of the odds against obtaining extreme results. In the 1927 report, 
certain results by individual analysts were discarded, while in 
other cases all the results by an analyst using one or more methods 
were dropped from the averages by the committee. This was ap- 
parently done by inspection of the general results. We do not 
wish to assert here whether the action taken was in any specific 
case right or wrong, but we have adopted the principle for this 
study that if an analyst’s result on a particular sample for one 
method is not acceptable, in the lack of accurate information of 
the odds as above it is wiser, in the selection of a population to 
give true values of the mean and standard deviation, to omit all 
the results of that analyst for that particular method. In this study 
this also has the advantage of keeping the number of individuals 
the same for any one method, thus making constants for each 
sample more readily comparable. 

Accordingly we have omitted the results of the following 
analysts from our calculations. 

Table I. Moisture determinations 

Briggs, C. H.; Carr, Frank; Foster, C. H. (Asterisk apparently 
erroneously omitted from published table) ; Murphy, C. M.; Swan- 
son, C. O. 


‘ 
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Table II. Protein determinations 
Tibbling, E., Collaborator’s method pelacsuies in flour an appar- 

ent misprint). 

Table III. Ash determinations 

Carr, Frank, Method B (wrongly asterisked for Method 4); 
Glasgow, W. E., Method B; Hall, W. E., Methods 4 and B; Maney, 
Methods A and B; Rosse, M. C., Methods A and B (asterisk acci- 
dentally omitted in published table for Sample 44); Wilhoit, A. D., 
Methods 4 and B. 


A CRITICAL STUDY OF SOME METHODS USED IN 
FLOUR COLORIMETRY 


By F. Visser’t Hoort and F. J. G. pe LEEUw 


Novadel Process Corporation, Buffalo, N. Y. 
(Read at the Convention June, 1928) 


The color of flour is of great importance in the milling indus- 
try. Reliable methods for determining the color of flour or at 
least for finding a numerical expression for color, are therefore of 
great interest to the cereal chemist. 

Bailey (1925) gives the following factors which together 
determine the color of flour. 

1. The granulation of the flour. 

The finer a flour is ground the whiter it appears. This is due 
to the physical phenomena of the difference in the refraction of the 
light in the granules and the air which surrounds them. 

2. The influence of enzymes in the flour. 

The influence of enzymes shows itself when a dough made 
of the flour is left standing in contact with air. 

3. The presence of finely ground bran particles. 

The reddish brown pigment in the bran particles contributes 
to the color of both flour and dough. 

4. The presence of dirt and foreign matter, such as soil, frag- 
ments of weed seeds, and smut spores. | 

5. The carotinoid pigments. 

_ These pigments, which are present in a great variety of ols 
stances of vegetable or animal origin, are responsible for the yel- 
lowness of flour. Monier-Williams (1912) concluded from his ex- | 


- 
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periments that the principal yellow pigment in wheat flour was 
carotin (C,.H,,). 

The only way to determine the combined effect of these five 
factors on the color of a certain flour is to compare a sample with 
a sample of standard flour. This method, therefore, has all the 
defects of any method in which a standard must be chosen that 
is not a well defined chemical compound. Moreover, it is not pos- 
sible to give a numerical expression for the result observed. The 
method to be used in this comparison is the old Pekar test. 

It will not be necessary to describe here this most popular and 

- most commonly used flour test. By comparing the colors of the 
two flour samples in the dry state, the wet state, and after dry- 
ing at an elevated temperature, this test gives the skilled observer 
very useful information on both color and grade of the flour. It 
lacks scientific precision because too many uncontrollable factors 
influence the results. .For the Pekar test it is necessary to have 
a standard sample of flour. This is one of the most serious ob- 
jections to this method, as the standard flour whitens with age. 
This difficulty can be only partly overcome by changing the stand- 
ard flour at short intervals. A further objection is the personal 
observation error entering in when reading the color value. No 
two persons have just the same eye for shades of color. 

William Jago (1911) used the Lovibond tintometer with Lovi- 
bond colorimeter glasses and tried to express the color of flour in 
definite numbers of yellow and red. He disposed of the necessary 
flour standard by using a standard white surface made of plaster 
of paris. This method was never applied extensively because dif- 
ferent operators obtained different results. (See Kent-Jones [1927] 
and Coleman and Christie [1926]). The results obtained by Priest 
(1928), in the Bureau of Standards, in testing color sensitivity 
of different persons warrant further investigations on the appli- 
cability of the Lovibond tintometer in flour colorimetry. It must 
be understood that measuring the color of a flour in definite num- 
bers of yellow and red can never give a complete record of the 
color of the flour. What is measured here is probably nothing but 
the amount of yellow and red pigments present. 

In using the ash content of flour as a basis of color valuation 
a similar mistake is made. Ash content is used as a measure- 
ment for the grade of flour, but altho grade is an important factor, 
it does not necessarily determine the entire color. 
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For all practical purposes we may now say that the color 
of flour is really determined by two factors: 

1. Carotinoid pigments. 

2. Bran particles. The amount of these particles is closely 
related to the grade of flour. 

As described above, a considerable part of the color of flour 
is due to carotinoid pigments, which give the flour its yellowness. 
Carotin is soluble in gasoline, and can easily be extracted from the 
flour by this solvent. By comparing the color of the gasoline ex- 
tract of the flour with standard color solutions, the carotin content 
of the flour can be measured. This is the official method of the 
American Association of Cereal Chemists (1928). An objection 
to this method is that it takes a long time, which is a seri- 
ous handicap for use in the mill. This is, however, very efficiently 
corrected by Coleman and Christie (1926). They make it possi- 
ble to finish the test within two hours. The results obtained are 
the same as with the official method. A weak point of the offi- 
cial method is the standard solution. Not all the carotin extracts 
of different flours have exactly the same shade of yellow, and 
it is, therefore, rather difficult to find a standard solution with 
which to compare them. The fact that nearly every new worker 
in this field has proposed a new standard solution illustrates plainly 
the difficulty experienced with these color comparisons. 
| The best and most accurate solution of this problem would no 
doubt be the use of standard solutions made of pure carotin, as 
suggested by Palmer (1922). The objection to this is that pure 
carotin is hard to prepare and is too expensive for ordinary lab- 
oratory use. Carotin solutions are not stable in contact with the 
air. Therefore fresh standards would have to be prepared regu- 
larly. 

Willstatter and Stoll ( 1913), in their original studies on caro- 
tin, used a solution of 0.25% alizarin in chloroform or a solution 
of 0.2% potassium chromate in water as color standards. 

Winton (1911) was the first to make use of a 0.005% potas- 
sium chromate solution as a standard. This standard has been 
adopted by the A. A. C. C. The tint of this standard solution is 
sufficiently similar to that of the gasoline extract of most flours 
to make its use practical. There always remain, however, slight 
differences in shade. Holger Jérgensen (1927) has called attention 
to the fact that a dilute potassium chromate solution has an unde- 
fined color because the H-ion concentration of the solution has an influ- 
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ence on the shade of the color. Our experience agrees with this 
statement. We think, therefore, that the use of a well defined buf- 
fer solution for the preparation of the standard would be an im- 
provement on the official standard. 

Sprague (1928), describes a method of colorimetric measure- 
ment of chloroplast pigments, in which he uses as standard solu- 
tions, solutions made up with organic dyes, respectively napthol 
yellow, or orange G, and malachite green. We have made only 
a limited number of tests with these standard solutions, but our 
impression of them is very favorable. 

Kent-Jones and Herd (1927), describe a new method which 
enables them to find a numerical expression for the color of flour. 
They, for the first time, not only determine color due to carotinoid 
pigments but also color due to bran particles. Therefore their 
method certainly merits attention. In the experimenal part of 
this paper we discuss this method in detail. 

The principal point of their method is that they arrange for 
two independent extractions of the flour: one with gasoline, which 
deals with the yellow pigments of the flour; and the other with 
alkaline methyl alcohol which extracts the pigments from the 
branny matter. They state that neither solvent has any effect 
on the other pigment. The method consists of: 

1. The two independent. extractions. 

2. By matching the depths of the colored extracts with stand- 
ards made by the addition of measured quantities of standard color 
solutions to pure water. | 

The comparison is carried out in a specially designed color- 
imeter which, they claim, is more accurate than other types. An- 
other advantage of this instrument is that it works with artificial 
light, and therefore makes the worker independent of daylight. 
As a color standard, Kent-Jones and Herd use a~solution made 
up from potassium chromate and cobalt nitrate solutions. The 
authors claim that the extraction with methyl alcohol gives a good 
measure for the amount of finely ground bran in the flour, and 
therefore of the grade of flour. They claim that the methy] alcohol 
value shows a close correlation with the ash content of the flour, 
and that this figure is not affected when the flour is bleached. 

Kent-Jones makes the gasoline extract according to the meth- 
od of the A. O. A. C. This method is essentially the same as the 
official method of the A. A. C. C. | 
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Twenty grams of flour is weighed into a wide-mouthed, glass- 
stoppered, 8-ounce bottle, and 100 cc. standard grade gasoline is 
added (we used light gravity gasoline furnished by the Standard 
Oil Company). The bottle is stoppered tightly, and the contents 
are thoroly mixed and shaken periodically for about 15 minutes. 
It is then allowed to stand for 16 hours (over night is convenient). 
At the end of this period the contents are reshaken and after stand- 
ing a few minutes to allow the majority of the flour to settle, the 
moderately clear gasoline extract is filtered into a dry conical flask, 
through a No. 5 Whatman filter paper. The funnel is kept cov- 
ered by a watch glass during the filtration, in order to prevent 
evaporation, and it is usually found necessary to refilter the first few 
cc. of the filtrate. When sufficient filtrate has been collected, 50 
cc. is transferred to the Nessler glass, which is then inserted into 
the colorimeter. | | 

As this method takes a long time, we used the technic given 
by Coleman and Christie (1926). However, instead of stirring the 
mixture of gasoline and flour with a “soda fountain” stirrer as 
they described, we closed the stoppered bottle tightly with a strong 
rubber band. The bottle was then placed in a shaking machine, 
which held four bottles at a time. The bottles were shaken vig- 
orously for an hour, which gives, as Table I shows, exactly the 
same results as standing over night. Even half an hour shaking 
is sufficient, but to be absolutely sure, an hour was always taken. 

TABLE I 


INFLUENCE OF SHAKING TIME ON GASOLINE VALUE 
Gasoline value 


Sample ~ Shaken 15 min. Shaken 60 min. Shaken 30 min. 
No. stood over night and filtered and filtered 
Al 1.49 1.43 1.48 
All 0.81 0.81 0.81 
WRI 0.49 | 0.45 | 0.47 


The standard color solution used was the one given by Kent- 
Jones and is made up as follows: 

Ten cc. of a 0.5% potassium chromate solution and 1.5 cc. of a 
10% solution of anhydrous cobalt nitrate are made up to 100 cc. 
with distilled water. | 

The original Kent-Jones colorimeter, which we used in our 
experiments, contains two Nessler tubes ‘tholding 50 cc. each. 
The Nessler tubes are lighted at the bottom by indirect artificial 
light, reflected by a dull white reflecting plate. On top of the 
Nessler tubes is a prism box, which allows the observation of the 

two tubes in a single field. A daylight filter is placed between the 
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prisms and the eye-piece.’ To make a determination, 50 cc. of the 
extract is poured into one of the Nessler tubes. The other tube 
is filled with about 40 cc. of distilled water, and a trial number of 
cubic centimeters of the particular standard solution is run from 
a burette into the latter tube. This is done until the color in both 
tubes matches closely. The number of cubic centimeters used 
gives the color value of the flour. 

We thought it advisable to compare Kent-Jones’ colorimeter 
with a regular Duboscq colorimeter. We used a 50 mm. plunger- 
type Spencer instrument. Readings of the same solutions in both 
instruments would give an idea of their comparative accuracy. 
The standard solution given by Kent-Jones is too concentrated for 
use in a Duboscq colorimeter. It was therefore necessary to dilute 
10 ce. of this standard solution with distilled water to 100 cc. Kent- 
Jones’ method expresses the amount of pigment present in 50 cc. 
of extract, in cubic centimeters of concentrated standard solution. 
With the Duboscq colorimeter, we find the amount of coloring mat- 
ter present in 1 cc. of the extract, expressed in cubic centimeters 
of the dilute standard solution. The standard solution used in 
the Duboscq colorimeter had only 1/10 of the strength of the con- 
centrated standard solution. It is apparent that the figures found 
with Kent-Jones’ method must be five times as high as those 
given by the Duboscq colorimeter. To obtain the same results, it 
is therefore necessary to divide by five the figures given by the 
Kent-Jones’ method. 

Gasoline extracts were made of several commercial flour sam-- 
ples and the gasoline figure of each extract was determined with 
both colorimeters. The results of eight of these tests can be found 
in Table II. The gasoline value is given as the number of cubic 
centimeters of dilute standard, equivalent to the amount of color 
in 1 cc. of the extract. | 


TABLE II 
Comparison or Kent-Jonrs CoLortmeTER AND Dusoscag CoLoRIMETER 
cc. used by Gasoline Gasoline 
Sample | Kent-Jones value, value 
od Kent- Jones Du 
1 14.8. 2.96 1.49 
2 14.9 2.98 1.43 
3 14.9 2.98 1.48 
4 5.7 1.14 0.80 
5 5.6 1.12 0.81 
6 5.4 1.08 0.81 
7 4.7 0.94 0.69 
R 23 0.44 0.42. 


Results show that with flour of high gasoline value (un- 
bleached flour), there was a big difference between the values ob- 
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tained with the different colorimeters. For instance, sample 1 
gave, according to Kent-Jones’ method, a gasoline value of 2.96; 
and in the Duboscq colorimeter, a value of only 1.49—a difference 
of 100%. The same flour after bleaching (sample 5) gave respec- 
tively 1.12 and 0.8l—a difference of 38%. Sample 8, highly — 
bleached flour, gave exactly the same results with both meth- — 
ods. We see from these tests that the differences between results 
- are small with the low values, but are larger with the higher values. 
To determine which colorimeter was at fault, the following tests 
were made. | 

A large amount of gasoline extract was made from an un- 
bleached flour. Of this extract, a series of dilutions was made as 
follows: 

Ten cc. of the extract was pipetted into a volumetric flask of 
100 cc. and filled up to the mark with clear gasoline. The same 
thing was done with 25, 50, and 75 cc. In this way five solutions 
were obtained, in which the amount of coloring matter was in the 
ratio of 10:25:50:75:100. It could, therefore, be expected that the 
gasoline values would show the same ratio, and that the gasoline 
value of the original liquid could be calculated from the others by 
multiplying by 10, 4, 2, and 4/3. The gasoline values of these ex- 
tracts were made with both colorimeters. The results are given | 
in Table ITI. | 


TABLE III 


ComPARISON or Kent-Jones COLORIMETER AND DusBoscq COLORIMETER 
(Inorganic standard solution used.) 


Kent-Jones colorimeter Duboscq colorimeter 
Gas. value, Gas. value, 
cc. Gas. original Gas. original 
: used value extract value extract 
Original extract, cc. 11.9 2.38 2.38 1.31 1.31 
75 or. extract / 
25 gas. 8.2 1.64 2.20 0.99 1.32 
50 or. extract 
4.8 0.96 1.92 0.65 1.30 
25 or. extract : 
75 gas. 2.0 0.40 1.60 0.32 1.28 
10 or. extract 
pope 0.7 0.14 1.40 0.13 1.30 


The gasoline values made with the Dubosceq colorimeter gave 
exactly the same value (1.30) for the original extract. The gaso- 
line value of the original extract found with Kent-Jones’ colori- 
meter differs from 2.38 to 1.40. This shows that the method used 
in the Kent-Jones’ colorimeter is at fault. 

Is it possible that the error is in the color standard? The 
standard solutions used in these tests were the standards given by 


: 
4 


358 METHODS USED IN FLOUR COLORIMETRY Voi. V 


Kent-Jones. The same gasoline extracts used in Table III were 
now compared in the Kent-Jones’ colorimeter with a standard solu- 
tion as used by Sprague (1928). This standard is made by adding 
3.4 cc. of 0.5% aqueous solution of naphthol yellow and 0.5 cc. of 
0.5% aqueous solution of orange G. crystals to one liter of dis- 
tilled water. The tint of this standard is identical with that of pure - 
carotin dissolved in gasoline. The standard is equivalent to a 
carotin solution containing 1.89 mgm. of carotin per liter of solvent. 

In the Duboscq colorimeter we used, as explained before, a 
solution with 1/10 of the strength of that used in the Kent-— 
Jones colorimeter, The results of our tests are given in Table IV. 


TABLE IV 


Comparison or Kent-Jones CoLornIMETER AND Dusoscg CoLorIMETER 
(Organic dye standard) 


Kent-Jones colorimeter Duboscq colorimeter 
Gas. value, Gas. value 
cc. Gas. original . Gas. original 
used _ value liquid value liquid _ 
Original extract, cc. 7.3 1.46 1.46 ‘+2 Se 1.34 
75 or. extract 
125 gas. : 5.4 1.08 1.44 0.98 1.30 
50 or. extract 3 
50 gas. | 3.5 0.70 1.40 0.68 1.36 
25 or. extract a 
+33 gas. 1.6 0.32 1.28 0.33 1.32 
10 or. extract : | 
90 gas. 0.7 0.14 1.40 0.13 1.30 


We see that the gasoline value of the original extract is prac- 
tically the same in all five cases, and for both colorimeters the 
small differences are within the limits of experimental error. This 
shows that the error in Kent-Jones’ method is caused by the inor- 
ganic standard solution. Kent-Jones’ method uses the standard so- 
lution in different concentrations. In some cases up to 15 cc. of 
the standard solution is diluted with 40 cc. of water, and in other 
cases only 2 cc. of the standard solution is diluted with the 
same amount of water. 

J@rgensen (1927) has shown that the H-ion concentration of 
the chromate solutions has a substantial influence on their tint. 
He therefore dilutes his inorganic standard solution with strongly 
buffered solutions, thereby keeping the H-ion concentration and the 
tint of his solution constant. We applied the same principle in 
a new series of tests with the Kent-Jones colorimeter. The ex- 
tracts were prepared in the same way, and the test was repeated 
with the Kent-Jones colorimeter, using both pure water and the 
buffered solutions. Sgrensen’s phosphate mixture, consisting of 
95 parts primary potassium phosphate solution and 5 parts sec- 
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ondary sodium phosphate solution, both of 1/15 molar concen- 
tration, was used as a buffer solution. This liquid has a pH of 5.6. 
The results of these tests are given in Table V. 

These tests show that better results can be obtained with the 
Kent-Jones method if care is taken that the pH of the standard 
solution remains the same. 


TABLE V 
Comparison OF GASOLINE VALUES OBTAINED WITH AND WiTHOUT BuFFER SoLutTiox 
_Kent-Jones colorimeter __ Duboscq colorimeter 
Water Buffer solution Water Buffer solution 
Gas. : Gas. Gas. Gas. 
value, value, value, value, 
Gas. original Gas. original Gas. original Gas. original 


value extract value extract value extract value extract 


Original extract,cc. 4.70 4.70 2.60 2.60 ye 2.55 2.60 2.60 
50 or. extract 


50 gas. 2.20 £46 146 200 622 
75 or. extract 
25 gas. 0.90 3.20 29 O60 60 


The methyl alcohol figure, according to Kent-Jones and Herd, 
indicates the grade of flour. The extracted pigment is the coloring 
material from the small bran particles in the flour. 

Kent-Jones makes the methyl alcohol extract as follows: 
“Twenty grams of flour are introduced into a wide-mouthed glass- 
-stoppered 8-ounce bottle, and 50 cc. of distilled water is added. The 
stopper is inserted and the bottle shaken to effect a complete mix- 
ing of the flour and water. Five cc. of a normal caustic soda solu- 
tion is then added, and the bottle is again vigorously shaken. The 
bottle and its contents are allowed to stand for one hour with in- 
termittent shaking, say at approximately every ten minutes. At 
the end of the hour, 100 cc. of methyl alcohol is added, the whole 
shaken thoroly for a few minutes, and then allowed to stand over- 
night (16 hours). In the morning the supernatant liquid is de- 
canted off into a beaker and the glutenin is precipitated by the ad- 
‘dition of N/5 hydrochloric acid. The glutenin is precipitated at a 
pH of 64. He uses the indicator bromthymol ‘blue externally. 
This can be done with a spotting tile, or by taking out a few cc. 
in a small test tube and adding the indicator, the change being 
indicated by the formation of a light olive color. The precipitated 
glutenin is allowed to stand for one hour and is then centrifuged, 
the glutenin being thrown to the bottom as a compact disk. The 
supernatant liquid is filtered through a No. 5 Whatman filter paper 
into a clean, dry beaker. Fifty cc. of this filtrate is taken and one 
cc. of normal caustic soda is added; this is sufficient to render the 


360 METHODS USED IN FLOUR COLORIMETRY ~— ‘Vel. V 


methyl alcohol mixture distinctly alkaline and the color of the 
pigment, which is destroyed in acid solution, is reproduced. The 
51 cc. is then poured into the Nessler glass of the colorimeter.” 
| We observed that during the precipitation of the glutenin the 
pH of 6.4 should be reached very accurately, otherwise it is impos- 
sible to get a clear liquid. A skilled worker, however, can do very 
+ well without the use of the indicator. The liquid itself acts as 
an indicator, and when the hydrochloric acid is added carefully 
drop by drop, the point at which the liquid turns nearly colorless 
and the glutenin starts to precipitate as a flaky mass, can be readily 
observed. Even a slight excess of hydrochloric acid will cause a 
milky white liquid which cannot be cleared by centrifuging. 

The extract prepared according to the above described method 
is now compared with the standard solution. This standard is 
made up as follows: 

Fifty cc. of 0.5% potassium chromate solution and 2.0 cc. of 
10% anhydrous cobalt nitrate solution, are made up to 100 cc. 
with distilled water. 

We made methyl alcohol extracts of a flour samples. The 
methyl alcohol value was determined in both the Kent-Jones and 
the Duboscq colorimeter. The standard solution used was the 
one given above. For use in the Duboscq colorimeter it was di- 
luted ten times. The results are given in Table VI, as cc. of di- 
luted standard solution, equivalent to one cc. of the extract. 


TABLE VI 
Metuyt Atconot VALUES OF DIFFERENT FLourRs , 
Kent-Jones colorimeter Duboscq colorimeter 
Sample cc. Methyl alcohol Methy! alcohol 
No. used value : value 
i 42.5 2. 2.56 
2 | 11.2 2.24 2.32 
3 11.0 2.20 2.21 
4 9.1 1.82 2.03 
5 6.5 1.30 1.17 
6 6.9 1.38 1.31 
7 8.25 1.64 1.66 
8 Pe 1.54 1.63 


In these tests the figures given by the two colorimeters agree 
very well. This agreement was not expected because of the dis- 
agreement in the gasoline values. This is probably due to the more 
diluted standard, and to the fact that the difference in the nec- 
essary amount of cc. was not so big. The amounts used differ 
only from 12.5 cc. to 6.5 cc. 

With these extracts it was difficult to obtain a close match 
between the color of the extract and of the standard solution. The 
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standard solution showed too much red. With the Kent-Jones 
colorimeter a fairly good match could be obtained; but there was 
always a difference in the shade of yellow. With the Duboscq 
colorimeter, the difference was much more pronounced because in 
this thin layer the red of the standard solution shows up more. 

To see if the pH has influence on ve methyl alcohol value, 
the following test was made: 

From a sample of flour, the methyl sicohas extract was made 
in the usual way: 25 cc. of this extract was diluted to 100 
cc. with a mixture of two parts of pure methyl alcohol and one 
part distilled water. The same thing was done with 50 cc. and 75 


cc. of this extract. Out of the readings obtained with these solu- . 


tions, the value of the original liquid can be found by multiply- 
ing by 4 or 2, or 4/3. The readings were done with the Kent- 
Jonés colorimeter, using distilled water and a buffer solution of 
the same composition as used for the gasoline values. The re- 
sults are given in Table VII. 


TABLE VII 
Metayrt Atconot VALUES WITH DisTILLED WATER AND WITH A PHOSPHATE BuFFER SOLUTION 
: Distilled water Buffer solution 
Methy! alcohol Methy! alcohol 
Methyl value, Methyl | value, 
alcohol original alcohol original 
value liquid value liquid 
Original extract, cc. 1.64 1.64 1.52 - 1.52 
75 original extract 
25 methyl alcohol 1.26 1.68 1.20 1.60 
50 original extract 
50 methy!] alcohol 0.92 1.84 0.82 1.64 
75 methyl alcohol 
25 original extract 0.52 2.08 0.42 1.68 


These figures show that the use of distilled water also gives 
a slight error, much smaller, however, than the one found with — 


‘the gasoline values. This error is corrected by the use of the 
buffer solution. The results do not check up well, probably 
owing to errors caused by the observers’ difficulty in getting an 
exact match of colors. With the Duboscq colorimeter it was 
impossible to get a match of the colors with this standard, and ‘oe 
results are therefore not recorded. 

We found it necessary to look for another standard solution, 
which would give better satisfaction. As the standard solution 
made with potassium chromate and cobalt nitrate seemed to be 
too red, it was obvious to try potassium chromate alone. 

A new standard solution containing 0.005% potassium 
chromate was prepared by diluting 10 cc. of a 0.5% solution of 
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potassium chromate to 100 cc., and 10 cc. of this solution was 
once more diluted to 100 cc. The last time, a buffer solution of 
ot the same composition as given above was used to dilute the 
standard solution. This standard solution for methyl alcohol val- 
ues is the same as that given for gasoline values by the official 
methods of the A. A. C. C. except for the use of the buffer solu- 
tion. This proved to be a good standard solution for the methyl 
alcohol extracts of the samples of flour tested by us. 

A series of tests was made to see if we could find the same 
correlation between the ash content and the methyl alcohol value 
of the flour as Kent-Jones. All these tests were made with the 
Duboscq colorimeter, which we prefer to the Kent-Jones color- 
imeter because it is easier to handle and gives just as accurate re- 
sults. For these tests the potassium chromate standard solution 
described above was used. 

Results are given in Table VIII. Samples ‘“ to WR2 are 
commercial flour samples. Samples HJ1, HJ2, and HJ3 are flours 
milled from the same wheat but of different extraction. HJ1 was 
a flour made from the first middlings, HJ2.a clear, and HJ3 a low- 
grade flour. Samples 0, %, 1, 1%, are samples of the same un- 
bleached flour, but to 14% was added 144% of very finely ground 
bran, to 1 was added 1%, and to 1%, 11%4%. The bran was 
ground as fine as possible in a laboratory hand mill and was 
thoroly mixed with the flour by shaking the weighed amount of 
bran and flour together in a glass bottle. 

We found that the methyl alcohol extraction of flour was not 
complete in 16 hours. Samples were tested according to the di- 
rections given by Kent-Jones. These extracts were left standing 
over night, and worked up in the morning without shaking. An- 
other series of methyl alcohol extracts of the same flour samples 
was made and worked up after standing over night (16 hours) and 
after having been thoroly shaken in the morning. A third series 
of flour extractions was kept standing for 40 hours, and was shaken 
thoroly after the first 16 hours and at the end of 40 hours. The — 
results are given in Table VIII. All tests were made in duplicate 
and the extracts were compared in a Duboscq colorimeter, on the 
same day, against the same standard solution. The standard solu- 
tion used was 0.005% potassium chromate solution. 

Results show that it is absolutely necessary that the extracts 
are shaken at the end of the 16 hours, as the results, without shak- 
ing, are only about 70% of those obtained after shaking. The 
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results show, furthermore, that the extraction is not complete 
after 16 hours. The figures obtained after 16 hours are only about 
85% of those obtained after 40 hours. : 

The ash determinations given in Table VIII were made ac- 
cording to the official glycerol-alcohol method. In general, we get 
the same results as Kent-Jones. There is a correlation between 
ash content and methyl alcohol value. | 


TABLE VIII 


INFLUENCE OF ExTRACTION TIME UPON THE MetTuHYt ALCOHOL VALUE AND COMPARISON BETWEEN 
MetTHYL ALCOHOL VALVE AND CONTENT 


Standing 16 Standing 40 


Standing hours and hours and Ash 
: 16 hours shaken shaken content 

Ao, unbleached flour | 1.19 1.53 1.77 0.40 
Al, same flour bleached 1.00 1.52 1.68 0.42 
B 1.09 1.60 Aas 0.43 
C, soft winter wheat flour 1.35 1.70 2.32 0.43 
D, soft winter wheat flour : 1.11 1.77 ives 0.44 
E, mixture of hard and soft winter wheat 1.44 2.22 2.45 0.54 
Fi 1.55 2.15 2.55 0.49 
F2 1.55 2.04  Bioe 0.48 
WRI 1.04 1.28 1.63 0.50 
WR2 1.03 1.44 1.63 0.51 
yi: flour from first middlings 0.66 1.08 1.36 0.35 
HJ2, clear from same wheat 2.23 a.82 3.48 0.71 
HJ3, low grade flour same wheat 7.10 cua 8.50 1.43 
0, unbleached flour 1.12 1.40 1.72 0.43 
4, same flour +14% bran 1.30 1.68 2.00 0.46 
1, same flour +1% bran «1.46 es 2.48 0.48 
144, same flour +114% bran 1.61 2.10 2.68 0.51 


To find out if the temperature at which the extraction was 
carried out had any influence on the final result, the following test 
was made. Of a sample of flour (F2), four bottles were prepared 
in the usual way. Two were kept over night in an icebox 
in a temperature of 5° C. The other two were kept for 16 hours in a 
thermostat at 30°C. Next morning the color values of these ex- 
tracts were made. The bottles kept in the ice-box gave an aver- 
age value of 1.75; the bottles kept at 30°C., a value of 2.36. The 
same flour gave (Table VIII) after 16 hours, a value of 2.04; and 
after 40 hours, a value of 2.37. This test shows that the temperature 
has a great influence on results, and that the same results can be 
obtained in 16 hours at 30°C. as in 40 hours at room temperature. 


Conclusions 


The rapid gasoline extraction method described by Coleman 
and Christie (1926) can easily be carried out by using a shaking 
machine. This permits the use of tightly closed glass-stoppered 
bottles and eliminates all evaporation. 

The colorimeter designed by Kent-Jones and Herd (1927) 
is less tiring to the eye than the Duboscq and having a constant 
source of light makes the worker independent of the daylight. 
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We prefer the Duboscq colorimeter to the Kent-Jones, how- 
ever, because with the latter a reading takes much more time and 
is no more accurate. 

The principle of the Kent-Jones colorimeter, which involves 
the use of standard solutions of different concentrations, is a source 
of errors. The use of this principle is only permissible if the un- 
known solution has the same components as the standard solution. 
If solutions of different composition are compared, several pre- 
cautions must be taken to avoid this error. 

This error does not appear in separate gasoline value tests of 
the same sample of flour because in each instance the same error 
is made. But results are very misleading when a flour is com- 
pared with another flour that has twice the amount of carotinoid 
pigments. The last flour will give a gasoline value that is between 
two and three times as high. 

We have shown that this error is probably due to the differ- 
ences in H-ion concentration of the standard solution, because it 
could be largely corrected by the use of buffer solutions instead 
of distilled water. 

The use of an entirely different standard solution made of 
organic dyes, as used by Sprague (1928), also avoids this error. 
We have a favorable impression of this standard solution because 
it has a tint of yellow that matches the color of the gasoline ex- 
tract much more closely than any of the inorganic standard solu- 
tions. 

An objection to the organic dye standard solution is that not 
all samples of the organic dyes have the same purity and there- 
fore not the same color value. If this difficulty could be over- 
come, for instance, by having available official samples of these 
dyes, standardized against pure carotin solutions, these organic 
standard solutions would certainly be an improvement over the 
inorganic standard solutions. 

We agree with J¢grgensen (1927) that it is advisable to use 
buffer solutions of a known H-ion concentration for the prepara- 
tion of the official standard solutions of potassium chromate. 

The extraction with alkaline methyl alcohol does not, in the 
16 hours specified by Kent-Jones. give a complete extraction of all 
the coloring matter soluble in this solvent. Only after approxi- 
mately 40 hours are constant results obtained. 

We found it necessary to shake the extract thoroly at the end 
of the extraction period, a fact to which the author does not call 
attention in his book, “Modern Cereal Chemistry.” In an earlier 
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publication, however, he gives directions to shake for 16 hours. 
We found that this gives the same results as standing for 16 hours 
and shaking after this period. | 

We found that the temperature at which the extraction is 
made has a decided influence upon the results obtained. An ex- 
traction of 16 hours at 30°C. gives the same results as an extrac- 
tion of 40 hours at room temperature. We therefore think that 
there is a possibility of improving the method by using a higher 
temperature for a short period. Lack of time has prevented our 
_ completing these tests; we hope to be able to publish them in the 
near future. | 

We find the same relation between the methyl alcohol value 
and the ash content of flour as was observed by Kent-Jones and 
‘Herd. Our tests, in which different amounts of bran were added 
to a sample flour, show that there is a direct relation between the 
bran content of the flour and the methyl] alcohol value. 
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— THE EXPERIMENTAL BAKING TEST HAS 
DEVELOPED 


By C. L. Brooke AnpD R. C. SHERWOOD 
Minnesota State Testing Mill, Minneapolis, Minn. 
(Read at the Convention, June, 1928) : 


Baking tests are now generally conceded to be the most im- 
portant means of judging flour quality. It is impossible to say when 
the first baking test was made. Altho written records of such tests 
extend back hardly a hundred years, it is possible that for centuries 
previous some type of more or less crude baking tests was re- 
sorted to, especially by the purchaser of large quantities of flour. 

A search through available literature has failed to reveal any 
description of baking tests prior to the middle of the nineteenth 
century, altho methods are described as early as the latter part of 
the eighteenth century. Maurizio (1903) in his work “Getreide, Mehl 
und Brot,” which includes a valuable summary of the development 
of the baking test, mentions that tests were made about 1830, but » 
does not describe them or give references. It is very likely that 
the increasing preponderance of wheat over rye, as well as the 
introduction of scientific breeding experiments and the more ex- 
acting requirements of the miller and flour buyer, were largely 
responsible for the development of organized methods for testing 
wheat flour. 

The earliest reference to baking tests that we have been able 
to find concerns the experiments of Heeren (1854), who in 1852 con- 
ducted some carefully controlled investigations of the yield of bread 
from different flours. Maurizio (1903) mentions even earlier investi- 
gations of yield by Accum, Prechtl, Dumas, and others. 

Some years previous to this, Boland (1849) had proposed the 
use of his “Aleurometer” for measuring the baking quality of flour 
through determining the strength of its gluten, and had advanced 
what seemed to be convincing proof of the reliability of his method, 
which was widely used for a good many years. But in the course 
of time doubters arose, notabiy Balland (1883, 1894), who criti- 
cized the method thoroly, having found that the results obtained 
by its use were not indicative of baking quality. 

Baking tests on a laboratory scale were made by Maercker 
and Besseler (1887), who concluded that neither the amount nor 
the strength of the gluten was directly related to baking quality. 
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It is interesting to note that Graeger and v. Bibra (1861) 
_ expressed their doubts as to the reliability of baking tests made 
by commercial bakers, on account of the lack of uniform con- 
ditions. Nearly fifty years later, Kosutany (1907) wrote that lab- 
oratory baking tests could not be depended on except for approxi- 
mate results, and that it would be far more suitable to submit 
the flour to a technically trained baker for perhaps a week’s test- 
- ing under commercial conditions. Not long afterward another 
European investigator wrote that the carrying out of baking tests 
in a manner different from that used in commercial practice does 
not lead to reliable results, and that only in exceptional cases can 
these tests be of value. | 

Very few references to flour testing in America can be found 
for this early period. Clifford Richardson (1884) conducted baking 
tests of flours of different grades from different parts of the coun- 
try, concluding that “the yield is dependent on the physical con- 
ditions of bread making, and not to a large extent on the chemical 
composition of the wheat; further, that the percentage of gluten 
has but little effect on the yield.” 

Jago (1911) states that in all American systems of flour test- 
ing that have come to his attention, the baking tests are made on 
tinned bread. 

In 1886 a flour testing laboratory was started in Minneapolis 
by A. W. Howard, a former miller, who for some time had been 
much in demand throughout the country as a good judge of flour. 
The first reports from this laboratory were based on loaves baked 
-in a commercial shop, but a laboratory method was soon developed. 
The oven used had a rotating shelf and held only one loaf. At first 
a commercial loaf was made, but later, probably about 1895, a 
pan with high sides was adopted. 

As stated above, the determination of baking quality through 
measuring the expansion of washed gluten gradually fell into dis- 
favor. A number of investigators attempted to devise laboratory 
baking tests to supplant it. Pekar (1882) was the first to report 
determinations of loaf volume. 

A method originated by Kreusler in 1887 aimed to produce a 
small loaf, baked under conditions as nearly as possible like those 
existing in a large bake oven, and having, in his words, “all the 
properties of a normal oven-product.” The small oven employed 
consisted of an oil-bath over which was mounted a rotating shelf, 
provided with openings to receive small baking pans. The dimen- 
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sions of the pans are not stated. Kreusler specified a constant | 
amount of water for all doughs, but Maurizio (1903), in describ- 
ing the apparatus and its use, stated that the amount of water used 
should be that necessary for a dough of normal consistency, and 
also said that on account of the variations in judgment among 
different operators, the amount of water used may vary as much as 
2-10 cc. per 100 g. of flour. 

A somewhat similar method was worked out by Kunis 
(1898). He constructed an apparatus called the “Farinometer,” 
which employed small doughs made from 30 g. of flour. Two equal 
portions of the dough, one with sodium bicarbonate and one with 
tartaric acid, were baked in metal cylinders placed in a small 
oven heated by an alcohol lamp, and their volumes were com- 
pared. This apparatus is much similar to that described by Jago 
(1895) and others. 

Sellnick (1902) described a somewhat different apparatus 
called the “Artophon” for testing flour. A dough was made with 
yeast or baking powder and baked on a flat plate over a water 
bath heated by a spirit flame and covered by a bell jar. No pans 
were used. | 

Maurizio (1902), after testing the methods of Kreusler, Kunis, 
and Sellnick, concluded that except for certain drawbacks as re- 
gards heat distribution the Kreusler apparatus was the most re- 
liable and gave the best comparative results. The other methods 
he characterized as “quite primitive.” He therefore set about to 
devise an apparatus of his own, provided with more accurate 
means of controlling the temperature and heat distribution. The 
oven used was a double-walled, copper drying oven, well insulated 
with asbestos paper, and so constructed as to give uniform heat 
distribution. Instead of baking cylinders, small shallow pans with 
sloping sides were used. They measured 3 cm. in height, 8.5 cm. 
in diameter at the top, and 5 cm. in diameter at the bottom. Ninety 
g. of flour was the amount usually employed for baking tests. The 
amount of water was varied to suit the flour. | 

A method much like this was reported by Maercker (1893) 
from the Agricultural-Chemical Experiment Station at Halle, 
Germany, where baking tests were first made in 1886. At 
first small hearth loaves (semmel) were baked, using a bakers’ 
oven, but later a cylinder 7.5 cm. in height and 6 cm. in diameter 
was adopted. In the earliest tests the same amounts of water were 
used for all flours, but “experiments soon confirmed the common 
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observation of bakers that different kinds of flour require different 
proportions of water to make a dough of given consistency.” 

Apparently these methods, in which the baking quality of flour 
was judged from a small loaf baked from 100 g. of flour or less, 
were slow in gaining popularity in the United States and Canada. 
Saunders (1907) described a method in which only 50 g. of flour | 
are used. The loaves were baked in small shallow pans, of nearly 
the same dimensions as those used by Maurizio. The oven was 
heated with gas and provided with a rotating shelf to insure uni- 
form baking conditions. Small loaves were made to economize 
flour and time and to permit the repeated baking of each sample 
studied. Enough water was used to bring the dough to the de- 
sired consistency in each case. 

Werner (1925) described a method based on that of Maurizio 
(1903) and designed to give concordant results within a small 
factor of error when performed in duplicate or triplicate. Werner 
and Herman (1928) summed up the background of the “differential 
test,” stating its advantages and its purpose. 

Methods in which a small baking cylinder is employed are 
used in some parts of the United States, especially for testing soft 
wheat flours. 

Fornet (1925, 1926) described a device called the “Mehlometer,” 
consisting of a combination fermentation cabinet and oven and 
a set of small square pans and other essentials for producing a 
small loaf from 100 g. of flour, having the same cross-sectional | 
area as the commercial pan loaf. 

To return to American methods: Harper (1892) reported 
baking tests made “to determine (1) The amount of flour neces- 
sary to make the best bread with a definite quantity of yeast liq- 
uid. (2) The strength of the flour as determined by the dimen- 
sions of the loaf made from a definite quantity of flour and yeast 
mixture. (3) The absorption and retentive capacity of the flour as 
determined by the weight of the bread made with a definite quantity 
of yeast mixture and flour, and (4) the quality of the bread as de- 
termined by its color and texture.” 

Senn (1896) concluded from baking tests that the amount of 
flour necessary to make bread varies with its gluten content. 

A few years later Harcourt (1901) described tests of Ontario 
wheats for bread making. The tests were made by experienced 
bakers; a commercial loaf being produced. Apparently the treat- 
ment was adapted to suit the individual flour. 
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Snyder (1904, 1905) described the testing of wheat flour for 
commercial purposes by means of large-scale commercial tests, 
in which “the various ingredients were exactly proportioned and 
the fermentation and mechanical manipulations were carried out 
under standard and uniform conditions.”. The amount of water 
was varied to suit the flour. | 

Thatcher (1907a,1907b) and Wessling (1908) describe the 
“Koelner system for the scientific testing of flour,” which included 
a sponge and a baking test; the sponge test being relied upon to 
show the strength of the flour, and the baking test the color and 
texture. 

A method producing a one-pound loaf was reported by Ladd 
(1908). A constant amount of water was used and the flour was 
varied. Later Ladd (1910) adopted the reverse procedure. All 
doughs were handled the same, the amount of water being the only 
variable. | | 

Another method for producing a commercial loaf is reported 
by Stewart and Hirst (1910). Here alsothe absorption was varied. 
The loaves were proofed to the maximum. Bailey (1916) presented 
a method for determining the strength and baking quality of wheat 
_ flour, using a mechanical device called the “expansimeter,” in con- 
junction with a baking test. 

Many other methods might be cited here from experiment sta- 
tions and other laboratories throughout the country, but as many 
of these are essentially similar they have been omitted. The 
majority of the methods in use for the testing of flour in 
American laboratories are designed to produce a one-pound loaf 
as much like the one-pound loaf of commerce as possible. Fitz 
(1924) reported a survey of formulas and methods of procedure for 
experimental baking tests in use in about fifty laboratories. These 
formulas were all of the type designed to produce something re- 
sembling a commercial loaf, but the laboratories were using a great 
variety of formulas and methods of procedure. 

In some laboratories the high pan is in use, and has been in 
use for some years. Usually when such a pan is used the object of 
the test is to produce as large a loaf as possible, i.e., to ferment 
and proof the dough to the maximum. The resulting bread, while 
much coarser in texture than the commercial product, gives a large 
surface from which to judge color, and those who are experienced 
in the use of this method claim that it reveals information about 
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the strength, color, and tolerance of a flour that otherwise would 
remain hidden. | 

Dunlap (1926) pointed out the significance of the ee 
element in dough handling, concluding that a test bake “made in 
accordance with the character of the flour and in such a manner as 
to produce the best loaf of which the flour is capable” is the only 
way of determining the actual quality of flour. 

Numerous questions were raised by Blish (1926) with regard 
to the meaning and purpose of the baking test. He stated that 
cereal chemists ought to agree on the meaning of the terms “baking 
quality” and “baking strength,” also the exact nature of the in- 
formation the test is expected to furnish. He felt that an attempt 
might be made to establish an official or approved method in which 
the formula, temperatures, and dimensions of pans were stand- 
ardized. | 

Herman and Hart (1927) described a large number of tests 
made with small loaves, using 100 g. of flour, and discussed the 
effect of variations in ingredients, apparatus, and conditions. Blish 
and Sandstedt (1927) advanced a “general discussion of factors 
upon which one may substantially base interpretation of baking 
tests conducted according to the fixed type of procedure,” advo- 
cating the use of the differential test as an added modification for 
taking account of the action of oxidizing agents. 

Various types of baking tests were discussed by Haas (1927), 
who pointed out the advantages of a test purported not only to 
give the best loaf possible, but also to give information as to 

“the ability of flour to stand abuse and to give good results over 
more or less widely varying conditions.” 

Blish (1927) discussed the function of a “nanderd test” of a 
“raw” material, stating the advantages of a carefully controlled 
test using a fixed procedure, and the shortcomings of a variable 
test. In the report of the Committee on Standardization of the Ex- 
perimental Baking Test, Blish (1927) presented a definite recom- 
mendation of the fixed type of procedure. Later, Blish (1928), as 
chairman of the committee reported the detailed baking procedure 
proposed by the committee. | 

To summarize, the literature shows that the first baking tests 
on record were made for the purpose of determining the yield of 
bread, and it was not until toward the close of the last century that 
definite methods were developed for testing flour with a view to de- 
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termining its expansion, color, and other iabichetieties as shown 
by the baked loaf. | 

Judging from the results reported,.the tendency among Euro- 
pean workers has been to develop a test in which a small quantity 
of flour (100 g. or less) is used to produce a loaf having charac- 
teristics analogous to those of the large loaf of commerce. In 
practically all cases a uniform procedure is employed, but the 
amount of water is varied for different flours. 

In America two main tendencies can be distinguished: (1) 
The attempt to ascertain the maximum volume that a flour will 
yield, in some cases with the addition of stimulants to a large per- 
centage of yeast. (2) The attempt to vary the baking procedure, - 
particularly fermentation time, in such a way as to produce an 
ideal commercial loaf. The use of small quantities of flour yield- 
ing loaves substantially smaller than commercial loaves has not 
been so widespread, altho some laboratories have employed this 
type of test for some years. Numerous workers have found it diffi- 
cult to arrive at definite conclusions from single baking tests. The 
biochemical changes taking place during the fermentation of a 
dough are so many and so varied that replicate determinations must 
be considered necessary. 

The tendency to establish fixed conditions for the baking test, 
with flour as the only variable, is exemplified by the work of the 
baking test committee of the A. A. C.C., as well as by the reports 
previously cited here. 
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THE MECHANICAL METHOD OF MODIFICATION OF 
DOUGH? 


| 
| By C. O. Swanson 
Kansas Agricultural Experiment Station, Manhattan 
(Read at the Convention June, 1928) 


The mechanical method of modification of dough has been 
described by Swanson and Working (1926). Briefly, the method 
is to treat dough made according to usual formulas in a specially 
constructed mixer that gives the dough a very severe mechanical 
treatment. The dough is then placed at once in the baking pan, 
allowed to rise a definite amount, and baked. The use of a small 
amount of lactic acid in the formula is helpful in that a small varia- 
tion in the correct amount of water will have less influence on the 
results. The action of the mixer on the dough is so severe that 
no gluten can be washed from dough treated for five or more 
minutes. | | 

The method has been found most useful in the study of char- 
acteristics or qualities of wheat varieties. Some varieties always 
produce good bread by this method; other varieties, poor bread. 
The results of four years’ work are very consistent. It makes lit- 
tle difference where a certain variety is grown or in what year. 
Superhard will always give bread of heavy, coarse texture and 
small volume, similar to Durum. A genuine Turkey or Marquis 
- will always give bread of:light, fine texture and large volume. The 
manner in which the dough develops in the mixer also tells much 
about the quality. Doughs from flours that as a rule produce un- 
satisfactory bread develop very quickly and then break down, or 
become slack. Doughs from flours that as a rule give satisfac- 
tory bread, develop more slowly and do not break down or become 
slack. With strong flours it takes longer for the water to pene- 
trate into the protein particles and form gluten, but such flours have 
more resistance against mechanical action. | 

The mechanical method of modification has proved its value 
in connection with wheat improvement work at this station by 
its sure detection of any weakness inherent in the gluten so far 
as that is related to the strength of the colloid filaments formed by 
the protein particles. We have found that this method will reveal 
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greater differences in wheaf varieties than the conventional baking 
tests. 

Evaluating commercially important wheats is a different mat- 
ter from testing varieties from the plant-breeding plots. In this 
connection it is necessary to consider three questions: 

1. Does this method show as great differences or greater in 
flours from commercially important wheats as the methods com- 
monly used by cereal chemists in their laboratories? 

2. How are the differences in flour obtained by the mechani- 
cal modification of dough correlated with the results secured in 
the commercial bakeshop? 

3. Is the method unnecessarily severe? That is, if a flour 
gives poor results by this method should it be classed as weak? 

The three most important hard winter wheat varieties grown 
in Kansas are Blackhull, Turkey, and Kanred. The comparative 
qualities of these have been discussed by Salmon, Swanson, and 
Laude (1927). 

Table I gives a comparison of average results obtained on 
these three varieties with a common fermentation method and the | 
mechanical method of modification. 


TABLE I 


COMPARISON OF MECHANICAL METHOD OF MODIFICATION AND CONVENTIONAL METHOD 
IN StTupDY or THREE LEADING WHEAT VARIETIES 


No. of Loaf 


Year Variety samples Protein Abs. volume Texture 
%o Jo ce. 
Fermentation Method 
Blackhull 40 61 1894 91 
19238 Turkey 40 11.4 61 iss tts 90 
Kanred 40 11.9 61 1874 90 
Blackhull 49 11.3 53 1699 90 
1924 Turkey 49 10.9 54 1705 : 91 
Kanred 49 10.9 54 1677 RO 
Mechanical Method 
Blackhull 47 12.1 56 : 1680 89 
1925 Turkey 47 12.1 60 1860 95 
Kanred 47 12.3 59 1898 96 
Blackhull 27 13.8 67 1701 85 
1926 Turkey 7 27 13.9 71 1838 93 
Kanred 27 13.7 71 1923 4 a 


The outstanding facts to be noted from these results are that 
with the conventional method no essential differences can be de- 
tected in the three varieties, but with the mechanical method of 
modification Blackhull is shown to be decidedly inferior to the 


Sag 


September 1928 Cc. O. SWANSON 377 


other two varieties. This is indicated by absorption, loaf volume, 
and texture. The inferiority in these characteristics was obtained 
on Blackhull with remarkable consistency. Apparently it made 
no difference in what year or in what locality in the southwest the 
wheat was grown, for samples of these varieties grown in 1924, 
1925, 1926, and 1927 all showed consistent results. | 
In the fall of 1927, a small lot of Blackhull wheat grown near 
Manhattan, Kansas, was milled in the college mill. Tests made 
with the mechanical method of modification of dough showed 
typical Blackhull characteristics. One barrel of this flour was 
baked in a local bakery in comparison with a barrel of college 
flour milled from a typical Turkey wheat grown in Lincoln County, 
in the center of the Kansas wheat belt. No important differences 
were observed in two lots of bread, showing that a satisfactory 
bread may be made in a commercial bakeshop from a flour that 
gives very poor results with the mechanical method of modifica- 
tion. As nearly as could be estimated, the treatment of the high- 
speed dough mixer of the baker was equivalent to about one and 
a half minutes with the laboratory machine used for mechanical 
modification. With this amount of mixing and the usual amount 
of fermentation, a satisfactory bread was obtained in our laboratory 
from the same Blackhull flour. This shows that flour from Black- 
hull may be satisfactory with suitable methods of handling and 
also that it does not resist as much mechanical treatment as flour 
from Turkey wheat. | 
Several other experiments have demonstrated that a ‘satis- 
factory bread may be made from other commercially important 
wheats that have been shown to be inferior by the method of me- 
chanical modification. Hence it follows that for such wheats the 
method is unnecessarily severe. It does, however, show greater 
differences in some commercially important flours than the com- 
monly used methods. How to evaluate these differences is not so 
clear. | 
The best way to test a new and unknown variety of wheat 
is to compare it with an older and tested variety. A new winter 
wheat named Tenmarq has been developed at the Kansas State 
Agricultural Experiment Station. It is a selection from crosses 
of Kanred and Marquis spring wheat. It has very excellent agro- 
nomic qualities. Before distributing this variety, it was desired to 
have comparative tests made. Tenmarq and Turkey wheats, both 
grown in Brown County, northeastern Kansas, were milled on the 
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college mill. Samples of flour were sent to cereal chemists, two 

of whom were connected with flour mills, two with agricultural 

experiment stations, and one with a large bakery. 
The following statements taken from the reports show a wide 
variety of opinion: 

Chemist A. “The grain structure of Tenmarq is unsatisfactory in 

| comparison to the Turkey and clearly indicates an 
inheritance of Marquis characteristics. The Ten- 
margq carried a slightly greater resistance to mechani- 
cal modification and to oxidizing agents than the 
Turkey.” 

Chemist B. ‘Neither baked a satisfactory loaf. Both had miser- 
ably poor shell top. There was really no difference 
between them. The loaves had a shell top, which 
indicates lack of strength of gluten. Both loaves 
were good in color and texture, and were more or less 
dull grayish white instead of creamy white.” 

Chemist C. “We would rate both samples as very good, strong 
bread flours. Both produced loaves of good volume 
and good texture under the system we use, which is — 
rather severe. They showed good fermentation tol- 
erance. A comparison of texture would indicate (to | 
us, at any rate) slightly greater strength in Turkey 
than in Tenmarq. As to their resistance toward oxi- 
dizers, we would again give slight preference to. 
Turkey altho both indicated good tolerance in the 
oxidizer test.” 

Chemist D. “There appears to be a significant difference in the 
average loaf volume of the two series in favor of the 
Turkey Red. The probable error of their difference 
was found to be approximately one-eighth of the dif- 
ference, thus justifying the conclusion that there is 
a real difference.” | 

Chemist E. “The stability or range of time over which good 

| bread could be produced with Tenmarq was much 
greater than that for Turkey. (This is a quality in 
a bread flour.) The grain of Tenmarq bread was 
finer than that of Turkey. The texture of Tenmarq 
bread was firmer than that of Turkey. The break 
and shred of Tenmarq loaves was smooth, thus pro- 
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ducing a nice appearing commercial loaf. A larger 
loaf with even better inside appearance was possible 
with Tenmarq then with Turkey. Tenmarq appeared © 
to have many characteristics similar to Turkey but 
the good qualities were much more intensified in Ten- 
marq. ‘Tenmarq failed to carry by 14 per cent the 
absorption carried by Turkey, but this single point 
is far outweighed by its other good points and might 
even be the same as Turkey on another sample. This 
1.4 per cent might be in part accounted for in the 
technic of baking.” 


It would be rather difficult for the plant breeder to judge from 
these replies which was the better of these two wheats. He 
would conclude that cereal chemists are far from agreeing on evalu- 
ating results obtained on flours. Could an experiment station de- 
cide on such a basis that a new wheat like Tenmarq is one that 
will give satisfaction to the milling and baking trade? The method 
of mechanical modification showed Tenmarq superior to Turkey, 
hence on the basis of this test there is no doubt. 

This situation indicated the advisability of having a confer- 
ence of cereal chemists. To this conference were invited all those 
who had co-operated in the tests just described as well as several 
others. The conference was held at Manhattan on February 13 and 
14. Three of the co-operators and five other chemists were pres- 
ent. Each chemist was asked to send in two samples of flour, 
one representing a weak flour and the other a strong flour, based * 
upon determinations made in his own laboratory. On the first 
day E. B. Working baked one loaf from each of the samples of 
strong flour, and one from the weak, using the method of mechani- 
cal’ modification. At the same time, each chemist baked his own 
samples by the method he preferred. The majority used, as far 
as possible, the method recommended by the American Association 
of Cereal Chemists. A few used the method employed in their 
own laboratory, some mixed the dough by hand, others used a 
machine capable of giving any degree of mixing desired. 

The second day was devoted to judging the bread and dis- 
cussing results. Each chemist first discussed the results obtained 
en his own flour by his own baking and then compared these with 
the results obtained by the method of mechanical modification. 
These discussions very clearly brought out three points: 
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1. The variations in methods employed by the different 

chemists. 

2. The divergent opinions as to the interpretation of the re- 

sults of the specific baking tests. 

3. The difficulty of getting anything like a unanimity of opin- 

ion regarding the merits of any particular lot of flour. 

In order that as fair an impression as possible might be re- 
ported of the results of the meeting, the chemists were asked to 
reply formally to four questions. The following are the questions 
together with extracts of the replies: 

1. What is your judgment on the value of the results obtained. 
by the mechanical modification of dough in comparison 
with other methods? | | 

The following are some of the principal opinioris expressed: 
“It seems that the interpretation of results is decidedly contrary 
to that obtained by the more common means of conducting experi- 
mental baking tests. It is my reaction that the mechanical modi- 
fication method deals only with colloidal properties and gives no 
indication of fermentation tendencies. There seems to be some 
correlation between the resistance to mechanical modification and 
the resistance of oxidizing agents.” “It is my belief that the value 
ef the results obtained by the mechanical modification of dough in 
comparison with other methods places it far ahead of the ordinary 
procedure for baking employed in the average mill laboratory. As 
to whether it outranks the method now under consideration by 
Dr. Blish’s committee, I am not prepared to say.” “The value of 
the results obtained by the mechanical modification of dough is 
just one. It tells how much resistance to mechanical punishment 
any dough will stand.” “This is strictly a test of gluten strength. 
For this purpose I regard it as decidedly more definite and inform- 
ative than the viscosity test.” 

2. Can the differences obtained by this method be correlated 
with values based on bakeshop practice? 

Some of the answers were as follows: “I do not see what. 
practical value can be based on the test aside from a measurement 
of the resistance of dough to mechanical modification.” “The dif- 
ferences can be correlated only as to mixing time.” “With care- 
ful work any baking method can be correlated with values based 
on shop practice. Results obtained in the laboratory will not be 
the same as those obtained in the bakeshop, but they will parallel 
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each other with a perfectly definite factor differential provided the 
laboratory method is sufficiently accurate.” 

3. Does the method treat the dough with more severity thas 

necessary ? 

There was more unanimity in the replies to this question than 
to the first two. “As you use it, the mixing is too severe.” “It 
is excessive.” “The seven-minute treatment is entirely too severe 
and no flour should be rejected because it does not stand such 
severe treatment.” “Treatment more severe than will be found in 
the average bakeshop should not be used.” “The mechanical 
modification apparently places stress upon the mechanical devel- 
opment and conditioning of dough.” “More upon the mechani- 
cal than upon either the chemical or enzymatic methods of con- 
ditioning the dough.” 

4. How does the efficiency of our mixer compare with others 

for use in making any kind of baking tests? 

This question was included because a few chemists have from 
time to time expressed a desire to have one of these mixers for ex- 
perimental work. The purpose of this question was to find out 
if the opinions of the value of the machine were such that any 
manufacturer would be warranted in making a certain number. 
There was a unanimity of opinion in regard to the efficiency of the 
machine, as any degree of mixing desired can be given the dough. 
“It is more efficient than any other laboratory machine now on the 
market.” “It is a very flexible machine, being capable of running 
on slow speed as well as high, or any intermediate speed desired.” 
However, only two chemists stated definitely that they desired to 
have one in their own laboratory. 

The following summary statement was given by one of the 
attending chemists: “This is strictly a test of gluten strength. For 
this purpose I regard it as decidedly more definite and informa- 
tive than the viscosity test. In a comparative way, it will surely 
indicate inherent tolerance or lack of tolerance toward severe me- 
chanical mixing. This is certainly a factor of importance in com- 
mercial baking. Before recommending a new wheat variety, or 
in discussing the relative merits of established varieties, it is im- 
portant to know the wheat’s status in regard to this factor. The 
results seem to be correlated with a specific character of the gluten, 
and they are consistent.” 

The following conclusions may be drawn from these expres- 
sions: The mechanical method of modification is much more 
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severe than any flour would be expected to withstand in average 
industrial practice. It would therefore not be advisable to con- | 
demn a flour by its failure to give good bread by this method. It 
would be admissible to say that the use of-:the method was more 
restricted, or that methods of commercial baking would have to be 
modified to suit a flour that showed itself weak by this method. 
The greatest value of the method seems to be in revealing certain 
weaknesses in flour. | 

That the method does not indicate fermentation tolerance was 
a general criticism. Fermentation tolerance is taken to mean the 
time the dough can lay over after it is properly developed, and still 
produce good bread. It does not refer to the total length of the 
fermentation period, as this may be longer or shorter with equally 
good flours and the period would have to be adjusted for the dif- 
ferent flours. One hour is a good fermentation tolerance, that is, | 
when a dough is developed so as to produce a good bread after 
three hours fermentation, it will also give a good bread after four 
hours. 

Does the mechanical method of modification indicate fermen- 
tation tolerance? At this point it might be well to consider briefly 
what takes place during the fermentation of bread doughs. The 
acids produced by yeast action would enter or be absorbed into the 
gluten structure. This would cause a swelling or an incipient 
dispersing action resulting in greater pliability and extensibility. 
Hence this effect of fermentation would be toward larger loaf vol- 
ume. The alcohol would weaken the surface tension of the water 
films on the gluten strands and the starch particles. This would 
lessen the strength of the cementing action of water and to that 
extent decrease the resistance to the expanding gas bubbles. As 
gliadin is alcohol-soluble, there would be a slight incipient gluten 
dispersion similar to the effect of acid. The main effect of both 
alcohol and acid would be to increase pliability with resulting 
larger loaf volume. There must be a nice balance of these factors. 
If the pliability or extensibility of the dough is too great, the | 
bread will be coarse; if too little, the loaf volume will be small and 
the texture heavy. 

Another effect of fermentation is the disappearance of sugar. 
For this reason diastatic activity has been at times considered one 
of the factors in flour quality. This is of secondary importance, as 
whenever the diastatic activity is low this can be remedied’ by the addi- 
tion of more sugar or malt. Lastly, there might be some proteolysis, 
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but this does not seem to extend so far as to set free any amino groups. 
It might produce some so-called metaproteins, that 1s, products re- 
sulting from the breaking down of the large protein molecules. This 
might be, in part at least, a reason for loss of gas-retaining capacity 
in over-fermented dough. 

We do not seem to know very clearly the function of the ash ele- 
ments. In conventional terms we say that the buffer effect is somewhat 
proportional to the ash content. The surprising thing is the large ef- 
fect from a very small amount of ash. The ash elements are appar- 
ently in combination with the protein and other organic compounds. 
The presence of such combinations or compounds seem to counteract 
the effect of the acids and possibly of the alcohol. 

In studying the question of quality, we must consider (1) the 
factors inherent in the flour itself, (2) the ingredients used in mixing 
the dough, (3) the methods of mixing, (4) the temperature of fer- 
mentation, and (5) the by-products of fermentation. All but the 
first are under the control of the baker. It seems, therefore, that in 
testing a flour primary consideration should be given to the factors 
inherent in the flour itself and the mechanical method of modification 
has been developed with this primary object in view, namely, to test 
the factors which determine gluten quality. Fermentation tolerance is _ 
very intimately related te the ingredients used, the temperature, and 
the by-products. Just how much it is related to the factors inherent 
in the flour itself is not so clear. 

Going back to the question, Does the mechanical method of 
modification indicate fermentation tolerance, only an indirect an- 
swer can be given. The method gives excellent results from flours 
made from standard wheats, such as Turkey and Marquis. It 
always gives a poor loaf from certain white wheats that are con- 
sidered weak, and also from Durum and Superhard. Flour from 
Blackhull wheat as a rule produces unsatisfactory results with the 
mechanical method of modification. Flour that lacks fermentation 
tolerance is unsatisfactory in the trade. One of the most prominent 
millers in Kansas City made this statement to the writer, “Black- 
hull is a satisfactory wheat if the baker will adjust his period of 
fermentation to suit this flour. If he does not do this, there is 
trouble.” A number of statements to the same general effect have 
been received. Blackhull gives poor results with the mechanical 
method of modification and since some important trades think it 
lacking in fermentation tolerence, it seems that there is at least 
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some relation between resistance to mechanical action and ~~ : 
mentation tolerance. 

With the mechanical method of edification, the analier of 
protein seems to be more important than the quantity. Loaf volume 
and texture do not correlate with the protein content. Certain 
wheat varieties, as has been stated, always give a poor loaf, others 
a good loaf, no matter what the protein content. This is one rea- 
son why, in the recent conference reported in this paper, the me- 
chanical method did not show such differences between strong 
and weak flour as the methods used by the attending chemists. 

The conventional methods used in baking tests seem to have been 
developed along lines that favor the average flour of a certain class. 
With these methods, the loaf volume correlates better with protein con- 
tent. At least this is true for the commercially important wheats. 
With the method of mechanical modification, quality seems to be more 
important than quantity. To what these quality differences are due 
is not so clear. They apparently reside in the colloid properties of the 
protein particles which form gluten when water is added to flour. Such 
qualities are inherent in the flour itself. 

Just how to interpret all the results obtained with the mechanical 
method is not known. However, results obtained on commercially 
important wheat varieties accord in general with the opinions of 
the trade. 


Summary 

1. The mechanical method of modification has shown its 
greatest value in revealing weaknesses in new and unknown va- 
rieties of wheat. 

2. It is more severe than necessary for testing commercially 
important wheats, that is, flours that give poor results with this 
method may give satisfactory results in the commercial bakery if 
suitable procedures are followed. ? 

3. There is a large variation in testing methods employed by 
cereal chemists, and the opinions as to the interpretation of the re- 
sults of specific baking tests are very divergent. For these reasons 
it is almost impossible to get anything like a unanimity of opinion 
regarding the merits of different flours. 

4. The machine used in our laboratory is more efficient than 
any one now on the market. Any degree of severity of mixing 
may be obtained and it is uniform to all parts of the dough. 

5. The mechanical method indicates fermentation tolerance 
indirectly as far as this is related to the quality of the gluten ma- 
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terial. Flours that give good results by this method have good 
fermentation tolerance. Those that give poor results have to be 
somewhat coddled in the fermentation. 

6. The mechanical method is more a test of protein quality 
than of quantity. For this reason the results are sometimes quite 
divergent from those obtained by conventional methods. 
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EFFECT OF STAGE OF MATURITY ON COMPOSITION 
AND BAKING QUALITY OF MARQUIS WHEAT 


C. E. MANGELS AND T. E. STOA 


Department of Milling and Department of Agronomy, North Da- 
kota Agricultural Experiment Station, Fargo, No. Dak. 
(Read at the Convention June, 1928) 


‘New conditions and different methods of harvesting have been 
responsible for a renewal of interest in the relation of stage of 
maturity to yield and quality of wheat. The study described was 
undertaken primarily to answer some specific agronomic questions, 
but also to obtain data on the effect of maturity on quality and 
composition under North Dakota climatic conditions. 

A complete review of the literature on this subject will not 


be attempted, but some of the more important work in this coun- 


try and England will be cited briefly. 

Humphries and Biffen (1907) discuss the relation of stage of 
maturity to baking quality. Grain cut at three different stages of 
maturity (green, ripe, and dead ripe) showed no significant or 
consistent difference in baking strength. | 

Brenchley and Hall (1909) harvested wheat at 3- day inter- 
vals from just after flowering until ripe. The total nitrogen con- 
tent of the dry matter decreased rapidly at first but after the first 
six 3-day periods, remained fairly constant, and showed some in- 
dication of an increase as maturity was reached. They found that 
the actual weight of nitrogen in 1000 kernels tends to continue to 
increase until maturity is reached, and the relative ratio of starch 
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and protein deposition in the endosperm was fairly constant for 
different periods. 

Kedzie (1893) of the Michigan station, reported analyses of 
wheat harvested at 24-hour intervals over a period of 46 days. The 
protein content of the dry matter decreased at first, but after dough 
stage remained fairly constant until mature. 

Teller (1898), of the Arkansas station, reported analyses of 
wheat at different stages of maturity. Teller found that the rela- 
tive proportion of gliadin tended to increase as the wheat matured, 
but glutenin tended to decrease slightly. Per cent of total protein 
in dry matter decreased from earliest cutting until about one week 
before normal harvest, when a tendency to increase was noted. 
Teller suggested that variation in seasonal climatic conditions 
inay account for variation in results of different investigators. 

Thatcher (1913), of the Washington station, reported protein 
content of Turkey and Bluestem wheat cut at different stages of 
maturity. The protein content showed a decrease followed by an 
increase as maturity is reached. 

Shaw (1907) found that time of cutting after wheat reached 
hard dough stage has little, if any, influence on protein content. 

Woodman and Engeldow (1924) found that the percentage of 
_ protein tended to increase as the kernel approached ripeness. The 
non-protein nitrogen and amino-acid nitrogen decreased as the 
grain reached maturity. 

Stoa (1924), of the North Dakota station, found a slight but 
not significant difference in protein content and baking quality of 
Marquis wheat harvested early and late. 


Experimental 


‘The wheat used for this work was in all cases grown on fields 
of the Department of Agronomy, of the North Dakota Agricul- 
tural Experiment Station, at Fargo. The soil upon which this 
wheat was produced was the heavy clay type found in the Red 
River Valley. The fields used -were probably in a relatively higher 
state of fertility than the average farm. 

Marquis wheat was harvested at five different stages of ma- 
turity during the four years, 1924-1927. An extra late stage was 
added in 1927. Seasonal conditions vary from year to year, and 
the different plots were harvested when, in the opinion of the 
agronomist, the different stages of maturity were reached. It is 
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recognized that the stages considered are not sharply defined, and 
are determined by and dependent on the judgment of the individual. 

The first grain was cut when the kernel reached the “dough” 
stage. During the four years the dough stage was reached on the 
average about 23 days after heading; the least number of days from 
heading to dough stage harvest was 22 and the greatest 24. 

The second harvesting was when the grain reached the “hard 
dough” stage. This was usually 3 or 4 days after the first harvest. 
What was considered the “glazed” stage was reached 3 or 4 days 
later than the hard dough stage. 

The normal harvest stage was considered as the stage when 
the grain was sufficiently firm that a reasonable amount of pres- 
sure by the thumb nail was necessary to make a dent in the kernel. 
In this region Marquis wheat requires about 35 days after heading 
to mature, or approximately 12 days after the “dough” stage is 
reached. In 1924, a cool year, the normal harvest stage was 
reached 14 days after the dough stage harvest. In 1925, the crop 
matured in 11 days after the dough stage harvest. In 1926, a dry 
and warm season, the crop matured in 10 days after, and 1 in 1927, 12 
days after dough stage. (See Table II). 

From 4 to 5 days after reaching normal maturity the grain was 
considered dead ripe. For the extra late stage in 1927 it was al- 
lowed to stand 6 days after the dead ripe grain was harvested. 

The wheat harvested at different stages was shocked and later 
threshed. Examinations reported were made on dry threshed 
grain. 

In Table I are presented the average yields of grain obtained 
during the four years and the average weight per bushel of the 
wheat produced. The highest average yield, 26.3 bushels, was ob- 
tained from the plots harvested when the crop was considered 
normally ripe. The dead ripe and glazed stages were next highest. 
The lowest yield was obtained when wheat was harvested in the 
dough stage. 


TABLE I 
AVERAGE YIELD PER ACRE OF MARQuIS WHEAT AND AVERAGE WEIGHT PER BUSHEL AT DIFFERENT 
STAGES OF MATURITY 
Agricultural Experiment Station, Fargo, 1924 to 1927* 


Plot Stage of maturity Average yield , Average weight 
Oo. 7 when harvested per acre, bu. per bushel, Ib. 
1 Dough 20.7 52.3 
2 Hard dough 23.2 54.2 
3 Glazed 25.0 55.1 
4 Normal ripe 26.3 55.1 
5 Dead ripe 25.5 


*In 1923 Marquis wheat harvested in the ‘‘normal’’ stage averaged 15.5 bushels, test weight 52.1 
pounds, and that harvested 5 days earlier, 14.0 bushels per acre, test weight 51.0 pounds. 
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Stem rust reduced yields, particularly in 1925 and to some ex- 
tent in 1927. High temperatures also affected yields in 1925. while 
temperatures in 1927, in spite of heavy rust infection, were par- 


ticularly favorable to the filling of the grain. 


The highest average weight per bushel of wheat was obtained 
from glazed, normal ripe, and dead ripe stages, there being no sig- 
nificant difference in test weight of the wheat cut at these stages. 


Vol. V 


The dough and hard dough stages showed a lower average test 


weight. 


Percentage of Protein in Wheat 


The protein content of wheat harvested at different stages of 
maturity is shown in Table II and Chart 1. 
there is no consistent variation of protein content at different 
stages of maturity for the four seasons. 
decreased from the dough to the glazed stage, but remained con- 
stant thereafter. In 1925 and 1926, protein content showed no 
significant or consistent variation. In 1927 protein content showed 
a marked increase between the glazed and the normal ripe stages. 


TABLE II 


In 1924 the protein content 


Errect or STaGe OF MATuRITY ON PROTEIN CONTENT OF WHEAT 
Marquis Wheat Grown at Fargo* 


It will be noted that 


1924 1925 . 1926 1927 
Stage of Date Per cent Date Per cent Date Per cent Date Per cent 
maturity harvested protein harvested protein harvested protein harvested _ protein 
Dough ‘July 30 12.18 Aug. 1 12.97 July 26 12.30 Aug. 3 11.82 
Hard dough Aug. 2 12.34 Aug. 5 32.73 July 30T 12.47 Aug. 6 11.72 
Glazed Aug. 7 11.19 <Aug. 8 12.95 July 31 12.33 Aug. 9 11.63 
Normal ripe Aug. 13 $1.38 ~ Ame. 12 12.78 Aug. 5 42.26. Aus. 15 12.22 
Dead ripe Aug. 18 11.39 Aug. 15 12.45 Aug. 10 12.60 Aug. 19 12.20 


*Protein percentages calculated to 13.5% moisture basis. 


tWould have been harvested July 29, but for rain. 


Previous investigations show a lack of consistency in variations 
of protein content at different stages of maturity. Practically all 
previous investigations cover only one year’s crop, but Teller sug- 
gests the possibility of climatic influence. 
ords for the four years, 1924 to 1927, show that differences in tem- 
perature and rainfall will account to some extent for the yearly 


variation shown in the chart. 


In 1924, during the maturing period, the weather was un- 


Weather Bureau rec- 


usually cool and 1.34 inches of rainfall is recorded between the hard — 


dough and the glazed stages. This probably accounts for the de- 
In 1927, an in- 


crease of protein occured between the glazed and the normal ripe 


crease in percentage of protein during 


that season. 


j 
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stages. Weather Bureau records show a sharp increase in tempera- 
ture for this period and practically no rainfall. After grain reaches 
the normal ripe stage, the protein content apparently remains prac- 
tically constant. 


PROTEIN CONTENT OF WHEAT 
AS AFFECTED BY 
STAGE OF MATURITY 


MARQUIS WHEAT GROWN AT FARGO 
19824 1892S 1926 1827 


EXTRA LATE 


Baking Quality of Flour 


Samples of the wheats harvested at different stages of ma- 

turity were milled and baked. In the 1924, 1925, and 1926 crops, 

a straight-grade flour was prepared, but in the 1927 crop — 
75 per cent patent flour was milled. 

The baking tests with straight-grade flours for the three years 
showed a tendency for the quality of the flour to improve as the 
wheat became more mature. The loaf volume, color, and texture 
of bread from wheat in the normal ripe and dead ripe stages 
averaged higher than of bread from wheat in the less mature stages. 
A tendency to poor color in bread from wheat in the dough stage 
was noted in 1925 and 1926. 

For baking tests with straight-grade flours, 340 grams of flour 
were used; with patent flours from the 1927 crop, 100-gram sam- 
‘ples were sine, The results of the baking tests on 1927 samples 
are given in Table III. There is evidently little difference in baking 
quality of the patent flours milled from Marquis wheat harvested 
at six different stages of maturity. There is no significant change 
in loaf volume, as the maximum variation is only 7 cc. The color 


STAGE 

HARD DOUGH : z 

GLAZED 

RIPE (wonmat) 

DEAD RIPE 
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scores were the same for all loaves, and in these patent flours did 
not show the poor color in the dough stage. 

The texture scores, however, do show a difference in favor of 
the more mature samples; those for the dough and hard dough 
stages are lower. 


TABLE III 


Baxinc Data on 75% PATENT FLours FROM Wueat Harvested AT DIFFERENT STAGES 
oF 


Stage of ‘Loaf volume Color Texture 
maturity cc. score score 
Dough 383 94 93 
Hard dough 378 94 93.5 
Glazed 378 94 94.5 
Normal ripe 383 94 94 
Dead ripe 385 94 95 
Extra late 380 O4 94.5 


*Grown at Fargo, 1927 Crop. 


Chemical Composition of Flour 

The chemical examination of the straight-grade flours from 
1924, 1925, and 1926 crops was limited to protein determinations. 
A more extensive chemical examination was made on the patent 
flours from the 1927 crop samples. The chemical examination of 
these samples covered essentially protein distribution, sugar con- 
tent, and diastatic activity. 

Table IV shows protein, ash, and sugar content and diastatic 
activity of patent flour from wheats harvested at different stages 
of maturity in 1927. The protein content of the flour, as might be 
expected, shows variation similar to the protein in wheat (Table 
IJ). The ash content tends to decrease as the wheat becomes more 
mature. This indicates that the more mature wheat is more satis- 
factory for milling. The sugar content of these flours is remark- 
ably constant for the different stages of maturity. The ratio of 
sugar to other constituents, therefore, appears to be normal when 
the dough stage is reached. 


TABLE IV 
ComPosiITION OF PATENT FLourR FRoM Marquis WHEAT HARVESTED AT DIFFERENT STAGES OF 

MarTuritTy* | 

Chemical Data on 15% Moisture Basis 
Stage Per cent Per cent Per cent Diastatic activity 
of i protein Per cent ash total sugar reducing mg. maltose 

maturity (Nx5.7) 3 c. as invert sugar sugar per 10 gm. flour 
Dough 10.69 0.494 1.80 0.09 77.9 
Hard dough 10.74 .493 1.80 12 72.8 
Glazed 10.62 .436 1.79 15 52.9 
Normal ripe 11.02 © .436 1.84 14 68.4 
Dead ripe 10.96 .420 1.75 09 61.7 
Extra late 10.94 0.424 1.72 0.13 56.7 


*Grown at Fargo, season of 1927. 
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The diastatic activity of the patent flours from wheat at dif- 
ferent stages of maturity is shown in Table IV. Dhiastatic activity 
was determined by Rumsey’s method. There is a tendency for the 
diastatic activity to decrease as the grain matures, but the decrease 
is not consistent from stage to stage. The highest diastatic activity 
was found in the dough me and te lowest in thé extra late 
stage. 


Nitrogen or Protein Distribution at Different Stages of Maturity 


It is apparent that the total nitrogen or protein content does 
not show much change from the dough to the mature stage 
(Tables II and IV). To determine the relative proportions of dif- 
ferent types of protein or nitrogenous material at different stages 
of maturity, the following determinations were made. Nitrogen 
soluble in 70 per cent alcohol, and nitrogen soluble in 5 per cent 
potassium sulphate solution were determined. A measure of amino 
acids present was secured by S¢grensen’s titration method and by 
determining the amount of nitrogen not precipitated by tungstic 
acid. Glutenin was determined by the barium hydroxide method of 
Blish. 
| The data for these determinations on patent flours are given 
in Tables V and VI. With the exception of the hard dough stage, the 
ratio of glutenin to total protein is remarkably constant for the 
first four stages. The proportion of glutenin tends to decrease in 
the dead ripe and extra late stages. 

The nitrogen soluble in 70% alcohol (calculated as protein) 
shows a consistent increase from the dough to the extra late stage. 
The nitrogen soluble in 5% potassium sulphate solution (calcu- 
lated as protein) shows a consistent decrease until the normal 
ripe stage is reached, after which it remains constant. 


TABLE V 


Protein DistTRIBUTION IN FLour FRoM Marquis WHEAT HARVESTED AT D1FFERENT STAGES 
oF MATuRITY* 


Glutenin Ba(OH),. Protein soluble in Protein soluble in 
method 70% alcohol 5% ‘ 

: Protein Per cent of Per cent of Per cent of 
Stage of in flour Percent in total Per cent in total Per cent in total 
maturity (Nx5.7) flour protein flour protein flour protein 
Dough 10.69 4.33 40.5 5.07 47.4 1.72 16.1 
Hard dough 10.74 4.53 42.2 5.20 48.4 1.61 15.0 
Glazed 10.62 4.30 40.5 — 50.1 1.51 14.2 
Normal ripe 11.02 ee 40.3 5.81 52.7 1.53 13.9 
Dead ripe 10.96 4.34 39.6 5.88 53.6 1.53 14.0 
Extralate 10.94 4.10 54.1 1.364. 


*Grown at Fargo, 1927 crop. 
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TABLE VI 


Amino Acitpj on Non-Prorein NitTrRoGEN IN PATENT FLours FRoM Marquis WHEAT HARVESTED AT 
DiFFERENT STAGES OF MATuRITY* 


Stage of Per cent amino acid nitrogen Per cent nitrogen not precipitated 
maturity S¢rensen’s formol titration by tungstic acid 
Dough 0.009 — 0.027 

Hard dough .008 .024 

Glazed 007 020 

Normal ripe 008 020 

Dead ripe 007 020 

Extra late 0.007 0.020 


*Grown at Fargo, 1927 crop. | 

Amino nitrogen as determined by Sgrensen’s titration method does 
not show much variation for the different stages of maturity. The 
dough stage shows the highest percentage. 

The nitrogen not precipitated by tungstic acid is highest in 
the dough stage and decreases until the glazed stage is reached. 
After that the percentage of nitrogen not —— by tungstic 
acid remains constant. 

‘The principal change noted in the protein material of the oan. 
ent flour at different stages of maturity is the tendency for the 
alcohol soluble material to increase as the potassium sulphate soluble ma- 
terial decreases. The glutenin is fairly constant, but shows a tend- 
ency to decrease in relative proportion to total protein at latest 
stages. 


Discussion 


From an economic standpoint it is not profitable to harvest 
wheat before normal ripe stage is reached. There is apparently 
no serious loss in yield if wheat is allowed to stand a reasonable 
length of time after this stage is reached. 

From the standpoint of baking quality and chemical compo- 
sition there is less difference between mature and immature stages 
than might be expected. The data indicate that the dough and 
hard dough stages are probably less stable in baking quality, but 
the difference is not great. 

In chemical composition the most significant change was the 
consistent increase of protein soluble in 70% alcohol, and the tend- 
ency for diastatic activity to decrease. The flour from dough and 
hard dough stages contained slightiy more non-protein nitrogen, 
and a greater proportion of protein was soluble in 5% K:SO. than 
in more mature stages. 

The data indicate that the composition of the wheat kernel re- 
mains fairly constant after the dough stage is reached. Data from 
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some of the early investigations indicate considerable variation in 
composition previous to the dough stage. Insufficient study of the 
results of these earlier investigations with reference to stage of 
maturity is probably responsible for the rather common impres- 
sion that wheat decreases consistently in percentage of nitrogen > 
or protein as it reaches maturity. The percentage of protein evi- 
dently does show a sharp decrease with maturity until the dough 
stage is reached. After the dough stage is reached, however, the 
percentage of protein remains fairly constant, and may show slight 
increases or decreases, depending on prevailing weather conditions. 
Summary 

1. Marquis wheat harvested in the dough and hard dough 
stages averaged lower in yield and test weight per bushel than 
that cut at a more mature stage. There was no increase in yield 
after the crop reached normal maturity. 

2. Protein content of wheat showed no consistent variation at 
different stages of maturity for different seasons. Variation in 
prevailing climatic conditions during maturing period is probably 
responsible for lack of consistency in protein content variation for 
different stages of maturity. | 

3. The protein content of patent flour from 1927 crop sam- 
ples varied as did protein in wheat. Ash decreased as wheat ma- 
tured, but sugar content remained constant from dough to extra 
late stage. Diastatic activity showed a tendency to decrease as 
wheat matured. | 
: 4. Baking tests with straight-grade flours from wheat har- 
vested at different stages of maturity showed slighly better quality 
for the mature wheats. Baking tests with patent flours from wheat 
of the 1927 crop, harvested at different stages of maturity, show 
no significant difference in loaf volume or color, but those from 
the dough and hard dough stages were lower in texture. 

* 5.. Nitrogen distribution in flour from wheat harvested at 
different stages of maturity showed some variation, but less than 
would be expected. Glutenin remained practically constant, but 
tended to decrease in dead ripe and extra late stages. Nitrogen 
soluble in 70% alcohol showed consistent increase with maturity, 
while nitrogen soluble in 5% K,SO, showed consistent decrease. 

Nitrogen not precipitated by tungstic acid and amino nitro- 
gen was highest in the dough stage, but was at practically a con- 
stant level after the glazed stage. 
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FACTORS INFLUENCING CHECKING IN BISCUITS? 


By J. A. DuNN anp C. H. BAILey 


Division of Agricultural Biochemistry, 
Agricultural Experiment Station, St. Paul, Minn. 


(Received for publication, May 10, 1928) 


Introduction 


The phenomenon with which this paper has to deal is wide- 
spread, involving many industrial processes other than biscuit 
baking. In the manufacture of alimentary pastes, for example, 
we are impressed with the skillful technic that has been developed 
in an effort to control checking. In other industrial fields, more 
or less elaborate procedure has been adopted either as the result 
of generations of experience on the part of the artisan or as the 
direct result of scientific research, in the hope that checking may 
be entirely eliminated, or its effect minimized. 

Doubtless everyone is familiar with the checking of wood. 
A splitting, or the development of a small crack, usually in the 
central portion of the article, is a familiar sight to those who have 
occasion to examine old cabinet work, musical instruments, or 
furniture. If checking is unwelcome and annoying to the violin 
maker, it is equally so to the biscuit baker; for checked biscuit 
should not be packed with perfect biscuit—they are almost certain 
to be broken before reaching the consumer. In most cases, how- 
ever, the biscuit are packed before the checking has proceeded so 
iar as to be visible and the consumer is likely to find a considerable 
portion of the contents of the carton either entirely broken or 
so badly checked as to break with the slightest jar; in which case 
the reputation of the biscuit manufacturer suffers. The control 
of checking is a problem of no small importance, as considerable 
sums of money are annually lost through its existence. 

The occurrence of checking in the commercial biscuit plant 
and the consequent effort to control conditions with a view to 
eliminating it present a problem replete with theoretic interest and 
at the same time intensely practical. For many years the bis- 
cuit baker has been troubled with the appearance of small cracks 
- in the central portion of the biscuit. These frequently extend so close 

1 Published with the approval of the Director as Paper No. 803, Journal Series, Minne- 
sota Agricultural Experiment Station. Condensed from a thesis presented by the Strietmann 
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to the periphery that the whole structure is weakened and the slightest 
jar may break the biscuit into two or more fragments. These small 
cracks are often observed in English type hard-sweet biscuit, which seem 
to be most easily affected. Soft-dough types are seldom affected ; nor is 
checking important in the manufacture of sponge goods, such as soda 
crackers. The study of checking is best undertaken in the hard-sweet 
types, and our investigation was limited largely to varieties of biscuit 
that fall within that class. | 

Figure 1 illustrates some English hard-sweet biscuit in a badly 
checked condition. Unless handled very carefully, biscuit in such 
condition will easily break. All the specimens shown are unsalable. 


Fig. 1. Hard-Sweet Biscuit, ‘Showing *“‘Checked’’ Condition 


Altho many attempts have been made to deal with the subject 
in a practical way, as evidenced by numerous references in the 
trade press devoted to biscuit problems, few references to it are 
found in scientific literature, and it is fair to assume that little 
attempt has been made to apply scientific methods in an endeavor 
to eliminate checking. In a practical way, every ingredient of the 
dough mixture has been closely scrutinized. There appears to be 
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a tendency on the part of the practical biscuit baker to believe that 
there is one cause of checking, rather than to assume that it may 
be the result of a series or combination of conditions. One group 
of bakers assumes that the type of flour used is the all-important 
factor. Another group has suggested that the character of the 
leavening agent is important. Still others believe that the method 
of mixing the dough is of no small consequence, while there seems 
to be a tendency to scrutinize the baking and curing processes, 
hoping to discover which conditions are most likely to eliminate 
checking. 

In our consideration of the problem of checking, its causes, 
-and control measures that may assist the baker in its elimination, 
our procedure was directed in the following manner. After a 
brief resumé of the general subject of checking, which included an 
investigation of the various methods of control used, not only in 
the biscuit industry but in other fields as well, we set up a hypothe- 
sis as to the reasons for its occurrence. This was of necessity 
theoretical in nature. Having established a working hypothesis, 
we set about testing each assumption, by either our own experi- 
mental work or that of others. After having justified our hypothe- 
sis and shown its possibilities, we endeavored to produce checking 
experimentally by setting up conditions which, according to our 
hypothesis, should be ideal for the occurrence of checking. Having 
demonstrated our ability to produce a checked biscuit at will. we 
investigated the effect of several methods of prevention that have 
been advanced by bakers, attempting to show whether or not they 


were in accord with our hypothesis. 


The dough from which hard-sweet biscuit are manufactured 
is very complex, consisting principally of flour, fat, water, sugar, 
eggs, flavoring, and a chemical leavening agent. Sometimes a 
small amount of starch, such as arrowroot starch, is added. If the 
dough is mixed carefully we can safely assume that the structure 
is fairly uniform throughout. The system is somewhat like that 
described by Ostwald (1919) for bread dough. 

A biscuit dough is a polydispersoid. Water is the dispersion 
medium; and uniformly distributed therein are molecularly dis- 
persed particles, colloidally dispersed particles, and coarsely dispers- 
ed particles. Under “molecularly dispersed particles” are sugars, 
chemical leavening agents (sodium or ammonium bicarbonate), and 
common salt (NaCl). Under the same head we may also classify 
such dissolved gases as carbon dioxide, or oxygen. The dissolved 
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proteins and starch are colloidally dispersed, whereas the undis- 
solved or partly dissolved starch grains, gas bubbles under certain 
conditions, and fat globules are in the coarsely dispersed state. 

The most important ingredient of the dough mixture is the 
flour. Ostwald (1919) described flour as a coarse dispersion of 
several poor-in-water hydrogels, which he classifies as follows: 
First, and perhaps the most important constituent, is the protein 
gel, mechanically disintegrated and without special structure. 
Second, the starch granules and the cellulose gel derived from the 
cell walls, both of carbohydrate nature. Until recently the latter 
class has been looked upon as more or less inert material, making 
up the bulk of the dough. However, there is evidence, according 
to Alsberg (1927), of some variation in the properties of starches. 
Finally, the individual gel particles contain in molecular disper- 
sion such substances as sugars, organic acids, inorganic salts, and 
water. Gases are present in two states—a portion adsorbed upon 
the surface of the particles and the rest. in true solution in the 
water. 

Collectively, dry flour may be regarded as a coarsely dispersed 
gel powder. Each gel particle may contain molecularly dispersed 
constituents, such as salts, sugars, acids, and especially water. 
Gases are not only in solution, but are often either adsorbed upon 
the surface of the gel particle, or occluded within it. Air, or more 
properly a mixture of air and carbon dioxide, is the connecting 
phase or dispersion medium. Flour must be considered a gel 
powder, as the particles are practically all more than two-tenths 
of a micron in diameter and are therefore microscopic. Altho the 
smallest flour particle is visible under the microscope, it is fitting 
that flour be considered as a colloid, as each flour particle is made 
up of primary units that are of colloidal dimensions. 

Another important ingredient of the dough mixture is water. 
Fundamentally, the simplest dough is a mixture of flour and 
water. This is of interest historically, for there is little doubt that 
the bread of primitive man was baked from such dough. While 
the regulation of the amount of water added to the flour was of 
small importance to the primitive man, who baked his bread on a 
flat stone and gave little attention to symmetry of loaf, the deter- 
mination of the proper absorption for a given flour is of the utmost 
importance in modern baking practice. The bread baker has paid 
much attention to the question of proper absorption, which is 
usually determined by the “feel” of the dough. WHarrel (1927) 
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recently devised a penetrometer, which is of considerable assistance 
to a baker in maintaining uniformity in dough from day to day. 
It should also be of no little assistance to the biscuit baker, for 
the regulation of absorption is of considerable consequence, par- 
ticularly with doughs run on a pan-and-scrap machine. 

As the simplest dough is formed by mixing flour and water, 
all other ingredients may be considered as factors influencing the 
physical properties of this fundamental dough. The influence of. 
the various ingredients usually found in biscuit doughs can be 
best ascertained by a survey of the common types of commercial 
biscuit. The simplest commercial type of biscuit is hard-tack, 
which is made by mixing flour, salt, and water. The biscuit re- 
sulting from such a dough is hard and quite coarse, the inside con- 
sisting of comparatively few thick layers. The principal advan- 
tages of such a biscuit are that it is cheap and that it will keep for 
many months under almost any climatic conditions. If a small 
amount of shortening (about 15 pounds per barrel) is added to the 
hard-tack dough, the resulting product is commonly called pilot 
bread. Owing to the action of the shortening, the resulting prod- 
uct is less hard and considerably more tender than hard-tack. The 
biscuit is crisper and has a much more pleasing color and flavor. 
In keeping qualities, pilot bread, however, is not equal to hard- 
tack, owing to the possibility of the fat becoming rancid. If the 
amount of fat is increased, the flakiness and shortness of the 
finished product are increased until the product finally obtained 
is not unlike pie crust. | ) 

Sugar should never be added to the simple flour and water — 
dough without an-accompanying addition of shortening or the 
dough will be sticky and the resulting product hard and unappe- 
tizing. When a small amount of sugar (approximately 40 pounds 
per barrel) is used, with shortening (about 20 pounds per barrel), 
the resulting product is usually termed a hard-sweet. This class 
includes wine biscuit, arrowroot biscuit, and social tea biscuit. 
The dough for these is mixed stiff. It is tough and not unlike 
hard-tack dough in appearance. The hard-sweet biscuit, however, 
are fairly crisp and tender. The texture is much finer than that of 
hard-tack and the biscuit takes on a rich, yellowish brown on 
baking. | | 
If the amount of sugar and shortening is increased to approxi- 
mately 75 pounds and 30 pounds, respectively, per barrel, the prod- 
uct resulting is termed a sugar cookie. If we increase the content 
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of sugar to 100 or 125 pounds per barrel, at the same time keeping 
the shortening content at about 30 pounds, as before, the product 
is usually referred to as a snap—lemon snaps or ginger snaps. 
‘If, on the other hand, the sugar content is held at approximately 75 
pounds per barrel, as in the sugar cookie, and the shortening con- 
tent is increased, the resulting biscuit is called Scotch shortbread. 
This type of biscuit is close in texture, very tender, and may be 
readily recognized by the tendency toward greasiness in the 
finished product. 

Shortening makes the dough more friable and less sticky. 
From the standpoint of commercial production of biscuit, the latter 
consideration is of considerable importance. A dough that is too 
sticky will stick to the rolls and the cutter to such an extent that 
it is practically impossible to handle it in a commercial biscuit 
machine. 

The outstanding property of the fat, or shortening ingredient. 
from the standpoint of checking control, is that it is completely 
insoluble in the dough mixture. All other important ingredients 
used in the dough are either soluble in or miscible with water. 
Flour, for example, contains two principal proteins—gliadin and 
glutenin—both of which, altho.fairly insoluble in water, imbibe 
water freely during the mixing process, producing a sticky mass 
usually referred to as gluten. : 

Several explanations have been offered as to the mechanism 
of the mixing process. Most of these explanations, however, are 
largely hypothetical, having few experimental data to substantiate 
them. There is little doubt that the chief end of the mixing 
process is a thoro and uniform hydration of the dry materials in 
the dough. In a biscuit dough, the supply of water is limited, and 
doutless several substances are competing for a share. (1) There 
is usually an excess of sugar, at least in most doughs, and a con- 
siderable portion undoubtedly tends to dissolve in the water added. 
(2) The gluten proteins have a large imbibitional capacity, and 
this portion of the dough mixture probably imbibes a considerable 
portion of the moisture. While it is true that raw starch does not 
ordinarily imbibe much water, Alsberg (1927) has shown that 
cooked or gelatinized starch has a high imbibitional capacity. The 
effect of the added salt and the leavening agents is probably larger 
than might appear to be the case on first thought, as Sharp and 

Gortner (1923) have shown that the imbibitional properties of 
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proteins may be considerably influenced by the amount and character 
of the electrolytes in the system. 

If shortening is incorporated in a dough, however, the small 
particles that make up the dough become partially coated with fat 
so that they do not coalesce and stick together so easily when 
brought in contact with one another by the action of the mixing | 
machine as they might if no shortening is present. The result is 
that the thin layer of shortening between the dough particles tends 
to prevent close coalescence, and the resulting product is much 
more friable and considerably more appetizing. These thin layers 
of shortening in the dough break up the continuity of what would 
otherwise be a more or less solid and continuous mass. 

We have already indicated that the outstanding physical prop- 
erty of shortening, which distinguishes it from all other ingredi- 
ents of the dough, is its complete insolubility and immiscibility with 
water. If we conceive of a dough as being made up of small 
hydrated particles more or less completely surrounded with a thin 
film of shortening, then Ostwald’s conception of a bread dough 
does not apply to biscuit doughs, in which the shortening is in 
considerably larger amounts. From Ostwald’s point of view, a 
bread dough is a polydispersoid in which water is the continuous 
phase. In a biscuit dough the disperse phase is the hydrated dough 
particles, the shortening acting as the dispersion medium. Such 
a concept may not hold strictly in biscuit doughs of small shortening 
content, but as the shortening content is increased there is more likeli- 
hood that the dough structure will resemble the system described. 

When we consider the baked biscuit in the light of this new 
conception of dough structure, it appears that shortening might 
exert two important influences, which bear directly on the prob- 
lem of checking. In the first place, the movement, or migration, 
of moisture in the various portions of the biscuit will undoubtedly 
be materially retarded. Evaporation from the surface of the 
freshly baked biscuit will not take place as rapidly in biscuit with 
a high shortening content as in those in which the shortening is 
in only small amounts. This effect of shortening will be referred 
to later. The second effect of shortening, according to our new 
conception, is more or less closely associated with the theory of 
the action of shortening as advanced by Platt and Fleming (1923). 
As shortening is present in innumerable minute cracks or breaches 
of continuity of the hydrophyllic materials throughout the struc- 
ture of the biscuit, there will be a certain ductility in the structure. 
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If strains are set up in certain portions of the biscuit, which is 
likely to occur, as will appear later, a movement may result that 
will tend to compensate for such strains. The biscuit structure 
might then appear to be capable of slight stretching or compres- 
sion, during which process the fat, which fills the interstices be- 
tween the hydrated dough particles, may flow slightly, allowing 
the dough particles to move either farther apart or closer together 
and thus relieve the strained condition. If such a conception is 
correct, it appears likely that checking should occur in biscuit that 
contain no shortening or only relatively small amounts, while 
biscuit that contain a considerable amount of shortening should 
have little tendency to check. Practical experience has shown that 
such is the case, for Scotch shortbreads seldom check to any great 
extent whereas hard-sweets and other types of biscuits that are 
low in shortening are most susceptible to checking. 

Until a comparatively few. years ago, little was known with 
regard to the action of shortening in baked goods. During recent 
years shortening manufacturers and cereal chemists have turned 
their attention to this, the most important problem of the biscuit 
baker. Platt (1922) has thrown considerable light on the action 
of shortening in baked goods, and Platt and Fleming (1923) ap- 
plied theoretical considerations such as were outlined by Harkins 
and his co-workers (1917, 1920, 1921), and Langmuir (1917). 
Their deductions from the work of Harkins and Langmuir indi- 
cate that one of the important factors regarding the shortening 
power of any fat is its content of unsaturated glycerides, the 
shortening value varying directly with the unsaturated glyceride 
centent. From theoretical considerations, Platt and Fleming point 
out that the presence of unsaturated structures in the fat molecule 
increases the tendency of the shortening to adhere more closely 
to the surface of the hydrated dough particles, so more pressure 
is required for two layers of dough to break through the interven- 
ing layer of the shortening; thus leita a weaker union between 
the dough particles. | | 

It is easy to see from the foregoing brief discussion, that many 
factors are to be considered in choosing a shortening. We have 
not attempted to indicate all the important shortening problems, 
but have mentioned one or two that may have a bearing on the 
present problem. The requirements that a shortening must meet 
vary considerably with the type of baked goods, as conditioned by 
price, availability, and convenience. 
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Sugar is another important ingredient of a biscuit dough. 
Cane or beet sugar, that is, sucrose, affects the properties of the 
dough, making it much softer and stickier. The dough seems 
much shorter, and curiously enough, much less water can be used 
in making it. For example, hard-sweets, which contain about 15 
units of sugar per 100 units of flour, require 50 per cent more 
water than sugar cookies containing 37 units of sugar, and the 
latter dough is softer and stickier than the hard-sweet dough. 
That the water requirement varies inversely with the shortening 
content will be demonstrated laicr. The two doughs just referred 
to contain approximately the same amount of shortening, so the 
effect of shortening on absorption does not enter into the discus- 
sion. | 

Altho sucrose tends to make the dough short, it also tends to 
make the biscuit hard and tough unless sufficient shortening is 
used to counteract this tendency. Sugar also tends to make a 
biscuit flatten out or “spread” during baking, often to such an 
extent that the diameter of the finished biscuit exceeds the 
diameter of the dough disc by 25 per cent. | 

Without sugar, biscuit puff up excessively, giving rise to a 
product that is too open in texture. Such goods are said to be 
“poor.” If sufficient sugar is incorporated in the dough, the re- 
sulting biscuit will be close in texture and of pleasing color and 
contour. Such goods are said to be “rich.” These trade terms 
are also used to denote the lack or sufficiency of shortening. While 
the two meanings of these terms are distinct, their indiscriminate 
use often leads to confusion. — a 

Honey, invert sugar syrup, and dextrose do not produce re- 
sults in biscuit similar to those produced by sucrose. Whereas 
biscuit made with sucrose tend to be hard and flat, those made 
with invert sugar tend to be soft and spongy. The peculiar grain 
imparted by invert sugar is characteristic and cannot be obtained 
in any other way. The hygroscopicity of these sugars tends to 
keep the biscuit soft. This is a very desirable quality, as will be 
brought out later. Invert sugar caramelizes at a lower tempera- 
ture than sucrose, and consequently biscuit containing invert 
sugar will color more readily than those made with sucrose. 

Several types of leavening agents are used in biscuit manu- 
facture. Among the more important are ammonium bicarbonate, 
tartaric acid, calcium acid phosphate, and sodium bicarbonate. 
Ammonium bicarbonate is an ideal leavener for hard cakes because 
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it is completely volatile and gives rise to more gases per unit of 
weight than any other leavener in common use. The leavener 
opens the structure of the biscuit, making it more tender and 
friable. In this, leaveners act in some measure like the shortening 
ingredients. In fact, excessive amounts of leaveners are some- 
times used in goods that are poor in shortening to compensate for 
the toughness due to the small amount of fat. When acid ingredi- 
ents are used with sodium bicarbonate, the action is that of a 
common baking powder. When molasses is used, the acid of the 
molasses acts on the soda in the same manner. In biscuit manu- 
facture, however, soda is usually used in excess; in fact, soda and 
ammonium bicarbonate are often used together without any acid 
ingredient. The effect of the alkalinity imparted by the excess 
soda is to hydrate the gluten, increasing the spreading of the piece 
and improving the smoothness of the bottom, at the same time 
accelerating the browning. Without an excess of soda, it is prac- 
tically impossible to brown a piece evenly if.made with sucrose 
unless a large amount of fat is used in the dough mixture. A high 
heat or a long bake, in the absence of excess shortening or soda, 
only tends to burn the edges without browning the top properly. 

The foregoing discussion covers the action of the principal 
ingredients of sweet biscuit. Almost an infinite variety of in- 
gredients may be added to a biscuit dough, such as flavoring, 
coloring material, eggs, fruit, and nuts. It seems inadvisable to 
discuss the action of such materials as they play but a small role 
in checking. | 
The Hypothesis | 

The complex mixture of flour, fat, water, sugar, and other 
ingredients, which makes up biscuit dough, enters the oven in a 
moist condition. The moisture content may vary from 10 to 40% 
in sweet biscuit, depending on the type of flour used and the 
relative proportion of sugar and shortening. This wet material 
undergoes several important changes during the process of baking. 
In the first place, the gluten of the flour is coagulated by the heat 
and converted from an elastic substance into one more or less — 
rigid. This change may be compared with the changes in egg 
white when it is coagulated by heat, altho the analogy is not 
strictly identical. Alsberg and Griffing (1927) have followed the 
action of heat on gluten. Their work will be referred to later. 
During this process, the gluten loses its capacity to hold water. 
Starch, however, increases in capacity to take up water during the 
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later stages of baking. Raw starch will absorb comparatively 
little water; cooked starch is gelatinized and takes on water, 
assuming a jelly-like consistency. | | 

Both the coagulated gluten and the gelatinized starch lose 
water as the baking process is continued. The unfortunate fea- 
ture of the situation is that all parts of the piece do not lose water 
at the same rate. Altho a thoroly baked biscuit may appear dry, 
it contains appreciable quantities of water when it leaves the 
oven. It seemed reasonable to assume that the central and in- 
terior parts of freshly baked biscuit might contain considerably 
more water than the outer parts and the rim of the biscuit, because 
the outer rim of the average biscuit is somewhat browner than the 
central portion. 

Immediately as the biscuit leaves the oven, it is probable that 
a contest for the water present ensues. The drier parts along the 
rim, or periphery, tend to take up water from the moister regions 
near the center as well as from the atmosphere. As the dry por- 
tions absorb water, they increase in size. This phenomenon is 
widespread in nature and is typical of such plant fiber gels as 
wood, cotton, and linen, and of most animal structures. Converse- 
ly, the moist portion, that is, the central portion of the biscuit, should 
tend to shrink in size because it is losing part of the water it con- 
tained when removed from the oven. If this difference in mois- 
ture between the interior and the exterior portions of the biscuit 
is of considerable magnitude and the biscuit is cooled rapidly, 
conditions appear ideal for checking to occur. Experience has 
taught us that the biscuit is not rigid when freshly baked and 
still warm, even tho it may be baked to a fairly small moisture 
content. This is because the gel structure has not “set.” In 
cookies, which contain a fairly large amount of sugar, it is likely 
that the stiffening, which takes place upon cooling, is analagous — 
to the stiffening of taffy or other hard candy when the concentrated 
sugar solution is cooled to ordinary temperatures. Bingham and 
Jackson (1917) studied the physical prc.perties of sugar solutions. 
While their experimental data do not extend into the range of con- 
centration or temperature with which we are concerned, their find- 
ings indicate that the sugar solution plays a major role in the 
plastic nature of the biscuit while warm, and in the hardening 
that occurs upon cooling. When the average biscuit is removed 
from the oven it can be easily bent around the finger, and if held 
in that position until cool it is impossible to straighten it again, 


406 CHECKING IN BISCUITS Vol. V. 


hence it seems unlikely that checking should originate while the 
biscuit is pliable. 

Once the cookie has cooled to approximately room tempera- 
ture and the gel has “set” to a more or less rigid form, conditions 
are no longer the same. Any strains that might arise later would 
be opposed by the elastic properties of the rigid biscuit structure. 

It is easy to see why strains should be set up in the biscuit at 
this point and subsequently. If the internal portion of the biscuit 
is losing moisture and tending to shrink while the external por- 
tion, or the periphery, is taking up moisture and tending to ex- 
pand, we have the two portions of the biscuit attempting to move 
in opposite directions. If the forces developed are of sufficient 
magnitude to exceed the tensile strength of that portion of the 
biscuit structure which is under strain, checking should be inev- 
itable. The portion of the biscuit in which the strain should be 
greatest is in the region that lies half way between the external, 
or expanding, section and the internal, or contracting, section. 
That checking actually does manifest itself in this region will be 
brought out later. 

At the outset, it seems likely that checking would depend upon 
the spread in moisture content between the internal and the ex- 
ternal portions of the freshly-baked biscuit; also that the relative © 
humidity of the atmosphere might play an important role in the 
checking phenomenon. The worst conditions that might be 
imagined are those in which it would be necessary for the 
internal portion of the biscuit to lose moisture and the external 
portion to gain moisture in order to come into hygroscopic equili- 
brium with the relative humidity of the atmosphere. Ideal condi- 
tions for preventing checking would be those in which the mois- 
ture content of various portions of the biscuit is fairly uniform. 
It also seems advisable to keep the biscuit warm (and conse- 
quently plastic) as long as possible, for heating facilitates the 
transfer of moisture in gel structures, and the equalization of the 
moisture gradient of the biscuit would take place, in large meas- 
ure, while the biscuit is still plastic. In such case, expansion or 
contraction might take place without causing the biscuit to check. 

It also appears likely that biscuit with a fairly open texture, 
that is, a texture that is fairly large in volume per unit of weight, 
should have less tendency to check. Such biscuit should be more 
readily desiccated to the desired degree in the central portion 
than one of more dense nature. The placing of dockers, or small 
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metal stylusses (see Fig. 2) which produce the small holes in 
the central portion of the biscuit, should alleviate checking, as the 
holes assist in the removal of moisture from the interior of the 
biscuit during baking. 


Fig. 2. Hand Biscuit Cutter Showing Dockers 


At the outset, it appeared improbable that manipulation of 
the formula would control checking, but that conditions of baking 
and of subsequent curing of the biscuit would be a more fruitful 
field of investigation. 


Experimental | 
The first series of experiments was undertaken to ascertain 
whether a spread in moisture or a moisture gradient exists in the 


Fig. 3. 


Cutter Devised for Cutting Bis- 
cuit into 4 Zones or Areas | 


freshly baked cookie, and to deter- 
mine the magnitude of the spread 
under actual plant conditions. 
By spread in moisture is meant 
the difference in moisture content 
of the outer, drier portion of the 


biscuit and the inner portion, 


which is more moist. A special 
cutter was designed with which 
the freshly baked biscuit might 
be cut into a series of concentric 
rings or zones. This cutter is il- 
lustrated in Figure 3. 
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Four freshly baked biscuit were cut, each biscuit being di- 
vided into four zones and an outside rim, or periphery, making 
five fractions in all. Corresponding portions were sealed in glass- 
stoppered bottles, and the total weight and moisture content of 
each were determined. In this experiment and in all others re- 
ferred to in this paper, moisture content was determined by the. 
official method of the Association of Official Agricultural Chem- 
ists. The data are shown in Table I. The cookies examined in 
this experiment were taken from a regular run in a commercial 
biscuit plant under average plant conditions. These biscuit were 
of the type usually designated as honey cake and the dimensions 
were 73 X 73 ¥ 9.5mm. These biscuit were baked in a reel oven 
for 7 minutes at a temperature of -220° C. 

The data in Table I show that there is an soncnciable spread 
in moisture in the various sections of a commercially baked biscuit. 


TABLE I 
MOISTURE CONTENT OF VARIOUS PORTIONS OF FRESHLY BAKED HONEY CAKE 
Zone Moisture content % 
Outer rim 7.6 
Zone 1 : 11.7 
Zone 2 12.6 
Zone 3 13.4 
Zone 4 (center) 14.2 


It seemed advisable to repeat the foregoing experiment, this 
time with a biscuit that was thinner and of a harder type. The 
sample selected was of the hard-sweet variety, and was similar 
to those shown in Figure 1. The dimensions were 50 * 44 X 5 
mm. Five biscuit were cut into concentric zones immediately 
after baking, and like zones were rapidly sealed. The samples 
were taken at random from a run in a commercial biscuit plant. 
The time of baking was 7 minutes and the oven temperature was 
225° C. The data are shown in Table II. The experiment was 
carried out in duplicate. Samples for series 1 were taken at the 
beginning of the run, those for series 2 in the middle of the run. 


TABLE II 


MorsTuRs CONTENT OF VARIOUS PORTIONS OF FRESHLY BAKED 
HARD-SWEET COOKIES 


Series 1 (beginning) Series 2 (middle) 
% % 
Zone 1 (rim) 0.54 
Zone 2 1.58 2.08 
Zone 3 3.66 


Zone 4 (center) 5.05 3.93 
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It is evident that there is a considerable spread in moisture 
in freshly baked biscuit under commercial conditions. | 

Similar experiments were conducted with other types of 
biscuit, results being similar to those in Tables I and II. 

Another series of experiments was undertaken to determine 
the rate at which the various zones either gained or lost moisture 
during the first few hours after the biscuit was removed from the 
oven. The biscuit selected for this series was of the hard-sweet 
type. It was a chocolate wafer designed for a sandwich with a 
cream filling. The dimensions of this wafer were 50 XK 60 X 4 
mm. Several cookies were zoned with the cutter shown in Figure 
3, and the zones were analyzed for moisture content at various 
intervals subsequent to removal from the oven. These cookies 
were baked for 714 minutes in a commercial reel oven at 215° C. 
The relative humidity in the bake shop was 24 per cent. Some of 
these cookies showed a tendency to check when left exposed for 
a few days in the shop. The data are shown in Table III. 


TABLE 


RATE OF EQUALIZATION OF MOISTURE GRADIENT OF FRESHLY 
BAKED HARD-SWEET WAFER 


Moisture -content, % 


Time, hr. Zone 1 (rim) Zone2 Zone 3 Zone 4 (center) 
0 3 3.53 5.57 6.67 6.73 
VA 5.20 6.30 | 6.50 
4.00 6.30 6.60 6.20 
1 4.07 4.97 5.73 5.87 
4 4.20 4.77 5.40 5.47 
30 5.00 5.13 5.53 5.53 


The data in Table III demonstrate that the exterior of the 
biscuit, designated as zone 1, took up moisture in order to come 
into equilibrium with the relative humidity of the atmosphere. 
The moisture content of zone 2 changed little, whereas the central 
zones both lost moisture. 

Another series of experiments was undertaken to determine 
whether the shape of the biscuit was important. Three types of 
biscuit were being manufactured on the same day in the plant 
under observation, the dough formulas for each being identical. 
The shapes of these biscuit may be described as square, rectangu- 
lar, and oval. All the samples were baked for 7 minutes at a 
temperature of 220° C. The relative humidity in the shop was 
40% Samples were zoned immediately after removal from the 
oven, and like zones were bottled and sealed. Other samples were 
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allowed to remain on the warm pans in the shop for 15, 30, and 60 
minutes, after which each series was zoned and sealed in bottles. 
Analysis was then made for moisture content. The data « are shown 
in Table IV. 

It is evident that under the conditions of the experiment the 
shape of the biscuit has little, if any, effect on the changes in 
moisture distribution of the biscuit during the curing process 
subsequent to baking. The average values shown in the table are 
shown in graphic form in Figure 4. 

It seemed advisable to show the relation between the rela- 
tive humidity of the air and the moisture content of hard-sweet 
biscuit in equilibrium therewith. Consequently, hard-sweet biscuit 
were placed in desiccators over mixtures of sulfuric acid and 
water until equilibrium was reached, at which time the biscuit 
failed to change in weight. The moisture contents were then 
determined. The data are shown in Table V and are graphically 
illustrated in Figure 5. Each figure is the average of duplicate 


determinations. 
TABLE IV 


EFFECT OF SHAPE OF BISCUIT ON RATE OF EQUALIZATION OF 
MOISTURE GRADIENT OF FRESHLY BAKED BISCUIT 


Moisture content, % 


Type Zone 1 (rim) Zone 2 Zone 3 Zone 4 (center) 
| Immediately after baking 
Premier 0.93 . 1.90 2.50 2.80 
Algeria 1.03 1.60 2.25 2.68 
Arrowroot 0.93 1.50 2.25 2.73 
Average 0.96 1.67 2.33 2.74 
15 minutes after baking 
Premier 1.13 1.80 2.65 3.10 
Algeria 1.40 1.65 2.05 2.35 
Arrowroot 1.25 1.60 1.95 2.10 
Average 1.26 1.68 2.22 2.52 
30 minutes after baking 
Premier | 1.35 1.65 2.28 2.70 
Algeria 1.25 1.48 1.85 2.15 
Arrowroot 1.60 1.85 2.25 2.70 
Average 1.40 1.69 2.18 2.52 
60 minutes after baking 
Premier 1.50 1.55 2.05 2.45 
Algeria 1.60 2.00 2.45 2.60 
Arrowroot 1.60 1.85 2.25 2.50 
_ Average 1.57 1.80 2.25 2.52 
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TABLE V 


RELATION OF MOISTURE CONTENT OF HARD-SWEET BISCUIT TO 
TIVE HUMIDITY OF ATMOSPHERE 


Relative humidity, % Moisture content, % 
1 1.05 
3 2.05 
3.45 
22 | 4.36 
32 5.70 
38 6.43 
55 9.10 
71 12.48 
84 16.50 


It seems evident from the results of this experiment, that 
commercial biscuit vary in moisturé content with relative humidity 
of the atmosphere to which they are exposed. As shown by Wil- 
son and Fuwa (1922), most common foodstuffs and textiles are 
hygroscopic. This phenomenon being widespread in nature; it 
seemed logical to assume that biscuit are also hygroscopic. As 
no figures were available to illustrate this point, it seemed advis- 
able to demonstrate it. 


30, 
ZONE 4. (CENTER) 
ZONE 3. 
5 ZONE 2. 
0 
0 15 30 45 60 


Curing time 
Fig. 4. Rate of Change in Moisture Content in Different Zones — 


of Baked Biscuit 
Another series of experiments was undertaken to show the 
effect of baking time on the moisture gradient in freshly baked 
biscuit. The arrowroot biscuit was chosen for this experiment. 
Samples were baked for 5, 6, 7, and 8 minutes at 224° C. A normal 
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baking was effected at about 7 minutes, the 5-minute samples 
being much under-baked, the 8-minute samples over-baked. Im- 
mediately after baking, the cookies were zoned, and the zones were 
subsequently analyzed for moisture content. The data in Table 
VI are averages of duplicate experiments. Results are shown 
graphically in Figure 6. A thoro baking appears to decrease the. 
spread in moisture of freshly baked biscuit. 


TABLE VI 
EFFECT OF BAKING TIME ON MOISTURE GRADIENT OF HARD-SWEET BISCUIT 


Moisture content, % | 


Time of bake, 

min. Zone 1 (rim) Zone 2 Zone 3 Zone 4 (center) 

5 2.41 5.22 6.01 6.52 

6 1.28 2.92 4.06 

7 0.93 1.66 2.33 2.73 

8 0.78 1.21 1.60 . 1.86 
In formulating our 
hypothesis ‘as to the 
cause of checking, we 
es / assumed that when por- 
15 tions of the biscuit in- 
/ crease in moisture con-_ 
tent, they tend to swell; 
‘ and that when the mois- 
[2-— / ture content decreases, 
W shrinking results. An 
attempt was made to 


the changes in size were 
sufficient to be meas- 
| ured. The method de- 
7 
A veloped was as follows: 
6 z Biscuit were baked for 
= _| various lengths of time 
at 215° C., on a specially 
4 
3 This pan consisted of a 
2 frame across. which 
fine steel wires were 
stretched, forming the 
support for the biscuit. 


Perce? relative pumidity ‘The wires were 5 milli- 


Fig. 5. Relation of Relative Humidity of the Atmos- 
phere to Moisture Content of Hard-Sweet Biscuit meters apart and were 


Co 


Fercers? morstrure 
to 


iN 
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all parallel. The resulting biscuit were ribbed on the lower sur- 
face with parallel markings. The freshly baked biscuit were 
mounted up-side-down on a microscope slide, with sealing wax. 
Care was taken to attach the biscuit to the slide in only one place 
so that the rest would be free to move or change in dimensions. The 
distances between markings were measured with a microscope fitted with 
a mechanical stage and a cross-hair eye-piece. It was thus possible to 
read dimensions to one-tenth millimeter. All biscuit were measured im- 
mediately after baking, and were then placed in desiccators containing 
a mixture of sulfuric acid and water. Measurements were made at in- 
tervals until the curves indicated that the biscuit were approaching equili- 
brium in moisture content, as conditioned by relative humidities. 


7 
J MINVTE BAKE 


o 


6 /IINVIE BAKE 


4 
N 
aN 
4 7 MINUTE BAKE \ 
-f 
RIM CENTER RIM 
/ 2 3 4 3 2 / 
Zore 


Fig. 6. Effect of Length of Baking Period on Moisture 
Gradient in Baked Hard-Sweet Biscuit. 

This method was sufficiently accurate for measuring the changes 
in length of the long diameter of the biscuit, but was not accurate 
enough to measure changes in the central portion. The data are 
summarized in Table VII and the results are shown graphically in 
Figure 7. | 

From the data in Table VII it appears that changes in size 
of considerable magnitude take place during the curing period, 
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when the moisture content of the biscuit approaches equilibrium 
with the relative humidity of the atmosphere. The amount of 
change seems to depend on the initial moisture content, as con- 
ditioned by the time of baking and the relative humidity of the 
atmosphere. | | 

Amore refined method of measuring the changes in dimensions 
of various portions of biscuit during the process of curing was then 
devised. Biscuit were baked from hard-sweet dough containing 
iron filings, which had been carefully cleaned and graded as to 
size. The filings were of such size that they passed through a 
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Fig. 7. Relation of Length of Baking Period and Humidity of Curing Chamber to Rate 
| of Change in Moisture Content of Hard-Sweet Biscuit 
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TABLE VII 


EFFECT OF BAKING TIME AND RELATIVE HUMIDITY OF ATMOSPHERE DURING CURING PERIOD 
ON CHANGE IN LENGTH OF FRESHLY BAKED HARD-SWEET BISCUIT 


Change in length, % 


Time of Relative 
' bake, min. humidity, % After 1 day After 2 days After 6 days 
4 0 —1.5 —2.0 —2.2 
22 —0.5 —0.7 —0.7 
55 +0.25 +0.25 +0.25 
84 +0.8 +1.3 +2.0 
6 0 —0.5 —0.8 —0.8 
0 0 0 
55 —+0.8 +0.8 +0.8 
84 +2.3 +3.1 +3.5 
8 0 — 0.5 —0.55 —0.7 
22 0 0 0 
55 +2.3 +2.8 +2.8 
84 +3.3 +4.1 +4.4 


40- and over a 60-mesh bronze screen. The biscuit were baked 
ior 5, 6, and 7 minutes at 218°C. In this case, the 7-minute bake 
was thoro; the 6-minute bake, slightly underdone, and the 5-minute 
bake very much underdone. Immediately after baking, contact 
photographs were taken, using the X-ray. The biscuit was put on 
-an X-ray photographic film, and placed beneath the X-ray equip- 
ment. A reference disc of invar, which has a very small index 


Fig. 8. Positive Print from Typical X-Ray 
Contact Negative Showing Iron Particles Used 
in Measuring Swelling and Shrinking in Dif- 


ferent Zones of Baked Biscuit. 


of thermal expansion, was 
placed on the film as each ex- 
posure was made. A positive 
print from a typical X-ray 
contact negative may be seen 
in Figure 8. 

After each exposure was 
made, the biscuit were placed 
in desiccators held at various 
relative humidities, and were 
allowed to come to equilib- 
rium, as indicated by con- 
stant weight. Contact photo- 
graphs were then made as 
outlined above. 

The negatives were 
mounted between two glass 
plates, forming an improvised 
lantern slide; the image was 
projected on a screen in a 
dark-room. <A_ special air- 


4 
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cooling device was used to keep the negative at approximately 
the same temperature while measurements were made on the 
screen. The distances between various “stars” or “gonstellations” © 
were then measured. In each case, the apparent dfameter of the 
reference disc was measured. As the real diameter of this disc 
was known with a high degree of accuracy, it was possible to con- 
vert the observations on the screen into terms of the distance be- 
tween points measured on the biscuit. Over 500 such measure- 
ments were made. The data were then condensed and typical read- 
ings are shown in Table VIII. The data given include changes 
in the largest diameter of the biscuit and in the central portion, 
which approximately includes zone 4 (see Fig. 3). The values are 
expressed as the percentage of change in size, which changes 
were conditioned by the time of baking and the relative humidity 
of the atmosphere in which the biscuit were cured. 


TABLE VIII | 


CHANGES IN SIZE OF CENTRAL AND EXTERIOR PoRTIONS OF A HARD-SWEET BISCUIT WITH 
RESPECT TO BAKING TIME AND RELATIVE HUMIDITY OF CURING CHAMBER 


Change in size, % 


Time of bake, Relative 

min. humidity, % Rim Center 

5 0 —1.05 —1.95 

20 +0.58 —0.49 

55 +0.93 +0.43 

80 +2.31 +1.53 

6 0 —0.57 —1.21 

20 +0.39 —0.43 

55 +1.62 +0.69 

80 +3.21 +1.92 

7 0 —0.20 —1.15 

20 +0.22 +0.16 

55 +-2.38 +1.74 

80 +3.75 +2.98 


From the data in Table VIII it appears that when the relative 
humidity of the atmosphere is about 20% and the biscuit is not 
thoroly baked, the center shrinks while the outer portion expands. 
It therefore is natural to assume that a relative humidity of 20% 
or thereabouts, together with insufficient baking, should cause 
the biscuit to check if the strain developed in consequence of 
changes in size exceeds the tensile strength of the portion under 
strain. | 

‘It seemed advisable to determine experimentally the extent to 
which starch is gelatinized during the process of baking a hard- 
sweet biscuit. The method used was somewhat similar to that de- 
vised by Katz (1915). Hard-sweet biscuit were baked for various 
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times at a temperature of 218°C. Biscuit were selected that con- 
tained the same amount of dry material (5.5 grams) and each 
was allowed to soak in 50 cc. of distilled water until thoroly soft. 
Fach sample was then rubbed through a 40-mesh bronze screen 
and the resulting precipitate was washed into a beaker with dis- 
tilled water. After the precipitate had settled, the supernatant 
liquid was decanted and the precipitate was washed into a series 
of 25-cc. graduated cylinders. After settling for one hour, the 
volume of precipitate was noted. The procedure was carried out 
in triplicate. The average of the three readings in each case is 
shown in Table IX, and the results are graphically expressed in 


Figure 9. 


TT? 
| | 


8 


Volume of precipiiate Cos 


| 


OF -S17UTES 


Fig. 9. Effect of Length of Baking Period on Swelling of Hard-Sweet Biscuit Measured 
in Terms of Volume of Swollen Crumb 
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TABLE Ix 
Errect oF BAKING TIME ON SWELLING oF Harp-Sweet Biscurr CruMB* 
Time of bake, Volume of ppt., Time of bake, _ Wolume of ppt., 
min. oc. min. ce. 
l 9.2 6 10.8 
2 9.2 7 12.2 
4 9.7 9 
5 10.4 | 10 17.4 


* Volume of unbaked dough, 7.6 cc. 


The data in Table IX show that the swelling power of the 
crumb of hard-sweet biscuit increases during the process of bak- 
ing. Alsberg and Griffing (1927) have shown that gluten decreases 
in swelling power when exposed to biscuit-baking temperatures. 
They conclude that mild heat increases the swelling power of 
gluten. The maximum swelling power is reached at a temperature 
between 30° and 50°C. When the temperature is increased be- 
yond this range, the swelling power falls off rapidly. During the 
first stage of the baking process the swelling power of the. biscuit 
crumb increases rapidly, as both gluten and starch are increasing 
in swelling power at the same time. In the next few minutes the 
increase is not so rapid, for the gluten is decreasing in swelling 
power while the starch is increasing. As the biscuit become 
thoroly baked (6-7 minutes) the swelling power increases rapidly. 
It appears, therefore, that considerable gelatinization of starch 
takes place before the biscuit are removed from the oven. 

The fact that the starch, which makes up a considerable portion 
of a biscuit, is gelatinized during baking is important, as the 
tendency of the dry portions of the freshly baked biscuit to take 
up moisture from the moist portions as well as from the atmosphere 
is thereby increased. Biscuit that are considerably under-baked 
might be expected not to check to so great an extent as those that 
have been baked more thoroly, as the gelatinization of the starch 
has not proceeded so far as in the well baked product. We have 
previously indicated that thoroly baked biscuit expand more to 
reach the equilibrium point as conditioned by the relative humidity, 
than those less thoroly baked. 


Discussion 
In setting up a hypothesis as to the causes of checking, several 


assumptions were made. These have been subjected to experi- 
mental investigation in order to show their validity. We have 


a 

4 
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demonstrated that there is an appreciable spread in moisture in the 
freshly baked hard-sweet biscuit that may be controlled by the — 
conditions of baking. It has also been demonstrated that the 
various portions of the freshly baked biscuit either gain or lose 
moisture until all parts of the piece are in equilibrium with the 
relative humidity of the atmosphere in which the biscuit are cured. 
It appears that a large proportion of such changes in moisture 
content take place comparatively soon after the biscuit leave the 
oven. Further, we have demonstrated that changes in size due to 
gain or loss of moisture of various portions of the biscuit actually 
take place, and that these changes are of such magnitude that they 
may be easily measured. Experimental evidence has been offered 
which, when viewed in conjunction with some work of Alsberg and 
Griffing (1927), leads to the conclusion that the imbibitional properties 
of the starch increase rapidly during the latter part of the baking 
period. 

We have suggested that a highly concentrated sugar solution. 
is present throughout the structure of the biscuit. The suggestion 
has been made that much of the hardness and rigidity of the biscuit 
is due to this sugar solution, which is not unlike a stiff taffy or 
other hard sugar candy. If this is true, a biscuit should be fairly 
plastic at elevated temperatures, assuming its familiar rigidity as 
the temperature falls. This conception may be demonstrated by 
placing biscuit that have been thoroly baked and are quite rigid 
in the oven and re-heating them. On removal from the oven, they 
will be found to be plastic and easily bent around the finger. As 
a biscuit is more plastic at elevated temperatures, it seems logical 
to suppose that checking might be prevented by allowing the 
biscuit to equalize the moisture gradient while still warm. Con- 
versely, biscuit that are suddenly cooled after removal from the 
oven might be expected to be more likely to check than those 
that are allowed to cool slowly. 

As the various suppositions made in setting up the hypothesis 
as to the causes of checking have been demonstrated to be valid, 
the hypothesis becomes a theory. This theory may be stated as 
follows: When freshly baked biscuit leave the oven there is an 
appreciable spread in moisture content between the inner, more 
moist portion and the outer, drier portion. This moisture gradient 
tends to equalize until all portions of the biscuit are in hygroscopic 
equilibrium with the relative humidity of the atmosphere of the 
curing chamber. Most of this equalization takes place fairly soon 
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after baking. If the biscuit is not so thoroly baked as to reduce 
the moisture gradient sufficiently, and when the relative humidity 
of the curing chamber is low (about 20%), the center shrinks and 
the rim expands. If the biscuit is allowed to cool quickly, so that 
it becomes rigid before this moisture equalization takes place, with 
its accompanying volume changes in the various portion of the 
biscuit, checking should occur. We should not expect a biscuit that _ 
is much under-baked to check badly, as its starch content has not 
undergone the changes in imbibitional capacity that take place in 
the late stage of baking. It appears logical that checking should 
occur in the region between the inner, shrinking zone and the outer, 
expanding zone. As a matter of fact, checking is observed more 
often in this portion of the biscuit than in any other. 

If this theory is correct, it should be possible to set up con- 
ditions experimentally to produce checking or suppress it at will. 
It seemed advisable to test the validity of our theory by a series of 
experiments in which checking should be produced and prevented 
in accordance with the theory advanced. 


_ Application of the Theory 

A relative humidity of 20% was set up in a chamber sndiiped 
with air-conditioning apparatus. Hard-sweet biscuit were baked 
for various lengths of time at 218°C. Each batch was divided into 
two portions, one of which was placed in the dry atmosphere and 
the other kept in the room where the relative humidity was 40%. 
After 48 hours, the biscuit were examined for signs of checking. 
The data are shown in Table X. 


TABLE X 
EFFect oF RELATIVE HUMIDITY AND BAKING TIME ON CHECKING 
Time of baking, om : Checked after 48 hours | 
min. Relative humidity 20% Relative humidity 40% 
4 10 (only slightly visible) 0 
5 20 0 
6 70 0 
7 0 0 


The data in Table X indicate that biscuit slightly under-baked © 
(in which the moisture gradient has not been reduced sufficiently) 
check badly when cured in a dry atmosphere, whereas no check- 
ing was noted when the relative humidity of the curing chamber 
was 40%. It is of interest to note that biscuit considerably under- 
baked (4- and 5-minute samples) showed less tendency to check 
than those sufficiently heated to gelatinize a considerable portion of 
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the starch, thereby increasing the imbibitional properties of the 
biscuit matrix. This experiment was rogentag several times with 
similar results. 

Another series of experiments was conducted to see the effect 
of warm curing when the biscuit were subsequently placed in a 
dry atmosphere. On removal from the oven, half the batch was 
placed in a box in order to keep the biscuit warm as long as pos- 
sible and to keep the humidity high (moisture given off from the 
warm biscuit was retained in the curing box). After curing thus 
for 30 minutes, the biscuit were placed in the dry-room (20% 
relative humidity). The other half of each batch was placed in 
the dry-room immediately upon removal from the oven. The 
biscuit were baked for 6 minutes at 218°C. Checking in the biscuit 
that were not cured but placed in the dry-room immediately after 
baking, ranged from 30 to 50%. Checking in those cured for 30 
minutes before being placed in the dry-room was always less than 
10%. The biscuit often failed to show any signs of checking. It 
therefore appears that keeping the freshly baked biscuit warm and 
in a humid atmosphere will alleviate checking. 

Another series of experiments was undertaken to show the 
effect of sudden cooling on the amount of checking. Each batch 
of biscuit was divided into three portions. One portion was allowed 
~ to cool normally in an atmosphere of 30% relative humidity. An- 
other portion was placed in an ice-box until thoroly cooled and 
then allowed to dry in the same room as the first. The third por- 
tion was cooled with an electric fan and then placed with the other 
two portions and allowed to cure. In all these experiments, over 
80% of the biscuit that were suddenly cooled, checked. Of those 
allowed to cure naturally in the room, less than 40% checked in 
each case. It therefore appears that sudden cooling is likely to 
increase checking. 

In all the foregoing experiments, results have substantiated 
the theory of checking as already outlined. The theory has also 
been tested in commercial bakeries. In several instances, biscuit 
bakers have enclosed the conveyors in which the biscuit are 
cooled, thereby retarding the process of cooling and keeping the 
relative humidity high, with very beneficial results. In one plant, 
operating in a dry region, an air-conditioning unit has been in- 
stalled, and warm moist air is allowed to circulate about the fresh- 
ly baked biscuit. By this procedure, checking has been practically 
eliminated. Biscuit bakers have also substantiated the fact that a 
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very thoro baking, which reduces the moisture spread in the fresh- 
ly baked biscuit, helps materially to eliminate checking. : 


Investigation of Other Factors that Influence Checking 


Checking has annoyed the biscuit baker for many years, and 
naturally many theories have been advanced for its control. It 
seemed advisable to investigate some of these ideas and to note © 
their effect. | 

The first series of investigations was designed to ascertain 
whether the protein content of the flour had any effect on checking. 
Samples of 11 soft wheat flours, and one sample each of hard winter 
wheat flour and of spring wheat flour were made up into hard- 
sweet biscuit. All samples were baked for 6 minutes at 230°C. Im- 
mediately after removal from the oven the biscuit were placed in 
the dry-room, where the relative humidity was 20%. After 24 
hours, the samples were examined for evidence of checking. The 
results are given in Table XI, and graphically shown in Figure 10. 
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Fig. 10. Relation of Protein Content of Flour to Relative Checking of 
Hard-Sweet Biscuit Baked Therefrom 
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TABLE XI 
RELATION OF PROTEIN CONTENT OF FLOUR TO CHECKING 


Protein content, % 

Source of sample (N X 5.7) “s Checking, % 
Michigan 7.6 | 5.7* 
Washington 6.8 60.3 
Michigan 7.2 4.3° . 
Washington 7.25 50.0 
Michigan 41.7 
Missouri 7.85 55.0 
Oregon 8.05 53.5 
Kentucky 8.2 20.0 
Illinois 8.5 15.0 
Kentucky 8.6 13.0 

Missouri 8.95 21.4 
Kansas (hard winter) 9.85 5.7 
Spring wheat | 11.05 35.2 


* See discussion of these flours in text. 


_ The data in Table XI indicate that biscuit made from flour too 
low in protein may check to a greater extent than those made from 
flour that is higher in protein. That there are other factors enter- 
ing into the choice of flour for the manufacture of hard-sweet bis- 
cuit is indicated by two samples made from Michigan flour, which, 
altho low in protein, showed little tendency to check. These 
samples (indicated by * in Table XI) were milled by the same com- 
pany and were remarkably uniform in granulation. Possibly this 
evenness of granulation may have some effect on the power of a 
flour to withstand the forces that cause biscuit to check. 

The next factor investigated was the effect of mixing on check- 
ing. Six batches of dough were mixed with slow speed until all 
the flour and the starch had been stirred in. The samples were 
then mixed for various times with the second speed (see appendix 
for mixing details) and made into hard-sweet biscuit. All samples 
were baked for 6 minutes at 230°C. After baking, they were placed 
in the dry-room at 20% relative humidity, and after 24 hours were 
examined for traces of checking. The data are shown in Table XII, 

and graphically expressed in Figure 11. 


TABLE XII 
EFFECT OF MIXING ON CHECKING 


Time of mixing 
min. Checking, % 


0 66.6 
1 88.8 
3 83.3 
5 77.8 
0 
5 


33.3 


1 
1 22.2 


ifs 
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The data in Table XII indicate that under-mixing is likely to 
increase checking. It was impossible to continue the mixing longer © 
than 15 minutes, as the doughs were heating so badly that with 
longer mixing there was — of losing some of the effect of the 


leavening agents. 


40 


Mixing Tine 

Fig. 11. Effect of Length of Mixing Period on Relative Checking of Hard-Sweet Biscuit 
The effect of invert syrup on checking was then investigated. 
The invert syrup used was made by adding tartaric acid to a 
boiling hot sugar solution. The syrup was then rapidly cooled to 
prevent discoloration due to caramelization. Various quantities of 
invert syrup were added to the standard hard-sweet dough (see 
Appendix) and biscuit were subsequently baked for 6 minutes 
at 230°C. The freshly baked biscuit were placed in the dry-room 
at 20% relative humidity. After 24 hours they were examined for 
signs of checking. The data in Table XIII show the actual per- 
centage of the total sugar added in the form of invert. The values 
given take into consideration the fact that inversion was not com- 
plete. Compensation for the uninverted sugar in the syrup was 
made in all cases except that in which 100% of the sugar was to 
be added in the form of invert sugar. In this case, 96% of the total 
sugar was invert and the rest was cane sugar. The data in Figure 

12 demonstrate that this small soetaumamuatd does not alter the 
shape of the curve. | 


= 
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Fig. 12. Relation of Proportion of Sugar Present as Invert 
Sugar to Relative Checking of Hard-Sweet Biscuit 


The data in Table XIII indicate that invert sugar tends to 
eliminate checking. This may be the result of two causes: (1) Just 
as candy containing invert sugar is softer than that made from 
cane sugar, so biscuits containing invert sugar are softer and more 
pliable than those made from cane sugar. (2) Invert sugar tends to 
hold more moisture than cane sugar, when the biscuit are in equili- 
brium with the relative humidity of the atmosphere. This point 
was investigated by analyzing biscuit that had been held for sev- 
eral days in an atmosphere containing 20% relative humidity. The 
data are given in Table XIV, and expressed graphically in 


Figure 13. 
TABLE XIII 
EFFECT OF INVERT SUGAR ON CHECKING 


Total sugar as | 
invert, % | Checking, % 


0 83.3 

25 36.1 

50 8.33 

75 0 
100 0 

TABLE XIV 
EFFECT OF INVERT SUGAR ON HYGROSCOPICITY OF HARD-SWEET BISCUIT 
Total sugar as Moisture at 20% relative 
invert, % humidity, % 

0 5.18 
25 6.09 

50 6.64 
75 : 6.9 


100 7.3 
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Fig. 13. Relation of Proportion of Total Sugar Present as Invert Sugar 
: to Hygroscopic Moisture of Hard-Sweet Biscuit 


The effect of shortening was investigated by baking samples 
containing various amounts of shortening. In all other respects 
the standard procedure was followed (see Appendix). After bak- 
ing, the samples were placed in the dry-room at 20% relative 
humidity. After 48 hours they were examined for checking. The 
data are given in Table XV, and shown graphically in Figure 
14. As absorbtion varies with the amount of shortening, as already 
mentioned, these values are also given. 


TABLE XV 
_ Errect oF SHORTENING ON CHECKING AND ABSORPTION 
Shortening* Checking, % Absorption, %* 
0 11.1 42.5 
7% 41.7 35.0 
15 100.0 | 31.25 
22% 27.5 
30 0 21.25 
37% 0 15.0 


* These values are expressed in the way familiar to the baker, i.e., weight of shorten- 
ing or water divided by weight of flour. 


The data shown in Table XV indicate that the range in which 
checking should prove troublesome is approximately 5-20% of 
shortening. This includes hard-sweet biscuit, snaps, and sugar 
cookies. This conclusion is further supported by actual experience, 
as check most. 


| 
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Other factors investigated were potassium bicarbonate, 
which might be substituted for sodium bicarbonate, dried skimmilk 
2nd whole buttermilk. Data indicate that under the conditions of 
our experiments these products had little or no effect on the oc- 
currence of checking. 
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Fig. 14. Effect of Varying the Proportion of Shortening on the Water Absorption of Dough. 
and Relative Checking of Hard-Sweet Biscuit 


Conclusions 


1. When a biscuit is removed from the oven there is an ap- 
preciable difference in the moisture content of the inner, more 
moist, portion and the outer, drier, portion. This moisture gradient | 
can be regulated by the baking procedure. 

2. During the curing period, this moisture gradient tends to 
diminish. All portions of the biscuit tend to come into hygroscopic 
equilibrium with the relative humidity of the curing chamber. 

3. The portions of the biscuit that absorb moisture in order to 
reach this equilibrium increase in size, or swell. Those that lose 
moisture, shrink. | 

4. When the relative humidity is low (20%) and the biscuit 
is not thoroly baked, the center shrinks and the rim expands. If 
this change in size goes on after the biscuit has become rigid, 
checking will occur whenever the strain developed exceeds the 
elastic limit of the section under strain. 

5. Conditions that will prevent checking are (in order of their 
importance): thoro baking, curing in a humid atmosphere, keeping 


? 
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the biscuit warm as long as possible, thoro mixing, and inclusion 
of some invert sugar in the formula. 

6. During baking, the swelling power of a hard-sweet biscuit 
increases, particularly during the last stages. This is probably due 


to the gelatinization of the starch. 

7. Biscuit contaming sugar and whose shortening content 
varies from approximately 5% to 20%, are most susceptible to 
checking. This includes snaps, hard-sweet biscuits, and sugar 
cookies. | 


Appendix 
In order to produce hard-sweet biscuit on the laboratory scale 
that would closely approximate commercial biscuit, the following 


formula and procedure were adopted: 
400 grams Flour 


160 “ Cane sugar (unless specified otherwise) 
ot at Fat (hydrogenated cottonseed oil used) 
Salt 
Sodium bicarbonate 
Ammonium bicarbonate 
Arrowroot starch 


Water to proper absorption — 

The fat and the sugar were creamed, using the first speed, 
then the second speed, on the mixing machine. The ammonia was 
dissolved in about 30 cc. of water and added to the creamed ‘sugar 
and fat. Then the salt was added. The creaming was continued 
until the mixture was light and fluffy. Then the flour (to which 
the soda had already been added) was stirred in with the first 
speed. After the mixture was well stirred together, the starch was 
added. Once the starch had been mixed in, the machine was put 
in second-gear and mixing was continued for 3 minutes unless 
otherwise specified. | 

_ After mixing, the dough was passed between rolls that were 
set 3/16 inch apart. The top of the dough sheet was lightly 
dusted with flour, the sheet was folded and passed through the 
rolls again. This process was repeated 10 times. Then the 
dough was rolled up and left for 60 minutes. At the end of this 
period, it was unrolled and passed thro the break 5 times as be- 
fore. The rolls were then set about 1/16 inch apart and the dough 
was rolled through. Biscuit were cut from the dough sheet with 
the cutter illustrated in Figure 2. 


. 
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Baking was done in the oven shown in Figure 15, which was 
fitted with a piece of transite to keep the heat in when the door 
was opened. The pan was put in through a small opening in the 
transite. The temperature of baking was read on a thermometer 
inserted through the top of the oven, the bulb of which was about 
half an inch above the center of the pan of biscuit. 


Fig. 15. Special Experimental Gas-Heated Oven and Hand-Operated Rolls Used in 
Producing Hard-Sweet Biscuit 
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SOME OXIDIZING EFFECTS OF FLOUR BLEACHING 


B. WoRKING 
Kansas Agricultural Experiment Station, Manhattan; Kans. 
(Read at the Convention June, 1928) 


Introduction 


During the storage of unbleached flour two obvious changes 
occur—the destruction of part of the yellow color, and an improve- 
ment in baking characteristics. The same types of change occur 
when flour is chemically bleached, in which case the change in 
baking characteristics is often known as “maturing.” The chem- 
istry of the actual bleaching is probably fairly well understood, 
_and will not be discussed in this paper. On the contrary, the exact 
chemical changes that cause the improvement in baking quality 
brought about by ageing or maturing are still but little known. 
Probably the increase in hydrogen-ion concentration is the only 
factor in the change which has been explained upon sound scientific 
grounds. 

Experimental Procedure 

it has been shown by the author (1928) that the addition 
of acid and an oxidizing agent will take the place of the fermen- 
tation period in developing a dough. Such a “no-dough-time” 
method constitutes an excellent means of investigating the oxidiz- 
ing effects of different methods of bleaching. For this study, sam- 
ples of an 85 per cent patent hard winter wheat flour were taken 
from a 75-barrel mill, one unbleached, one bleached with 214 
grams, and one with 714 grams nitrogen trichloride per barrel. 
Four additional samples of the unbleached flour were treated, re- 
spectively, with chlorine containing 0.5 per cent of nitrosyl chloride 
at the rates of 45 and 67 grams per barrel, and with a commercial 
preparation of benzoyl peroxide at the rates of 18 and 27 grams per 
barrel. | 

These samples were baked the day after milling and again 
three weeks later by the — formula: 


Flour 340 grams 
Yeast 10 grams 
Sugar 12 grams 
Salt 6 grams 
Shortening 4 grams 
Lactic acid (S0%) 8.5 cc. 


1 Contribution No. 36, Department of Milling Industry. 
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Mix 114 minutes at 120 revolutions per minute, scale off 500° 
grams, and pan immediately. Proof to standard volume (3 cm. 
_ rise on the closed cylindrical pan of Swanson and Willard)? and 
bake. At each baking a sample of unbleached flour was baked with 
the addition of 0.01 gram of sodium chlorate to the dough. Table 
I shows the loaf volume and texture resulting. 


TABLE I 

Treatment Aging Absorption Loaf vol. Texture 

per cent LL per cent 
Unbleached 1 day 63 1720 88 

Unbleached plus 0.01 g. Na ClO; 63 1940 99 
2% g. NCls ni 65 1870 95 
7% g. NCls 66 1950 99 
46 g. Cl es 65 1820 90 
67 g. Cl . 65 1925 98 
18 g. Benzoyl —— preparation e 65 1840 92 
37: Cg. 65 1835 92 
Unbleached | 22 days oa 1880 94 
Unbleached plus 0.01 g. Na ClO; es 71 1985 99 
2% g. NCI; ” 69 1930 98 
7% g. NCI; 66 1890 94 
45 g. Cl | ” 67 1900 96 
67 g. Cl 68 1980 99 
18 g. Benzoyl peroxide preparation ” 67 1915 96 


The unbleached sample and the samples bleached with nitro- 
gen trichloride were also baked after a fermentation period of 2 
hours and 25 minutes at 32°C. (90°F.), in which cases the lactic acid 
was omitted from the dough and the sugar increased to 15 grams. 
The entire dough, about 600 grams, was | used. The results are 
shown in ‘Table II. : 


TABLE II 
Treatment : Aging Absorption Loaf vol. Texture 
| per cent ee. per cent 
Unbleached | 1 day 61 2095 96 
2% NCls 63 2125 97 
7% 64 2040 95 
Unbleached 22 days 2145 97 
2% g. NCI; 67 2130 97 
7% 2g. NCI; 64 1990 94 
Results 


The bleaching of flour is seen to have the same or a similar 
effect in developing the dough made from that flour as thé addi- 
tion of oxidizing agents to the dough. This effect is seen to per- 
sist after three weeks standing, except that in the case of the treat- 


2 Kansas Agr. Expt. Sta. Bull. 177. p. 92. 
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ment with 714 grams of nitrogen trichloride the action seemed to 
have been excessive. With benzoyl peroxide in the amounts used, 
and with the other bleaching agents in the small amounts, the re- 
sults after three weeks were better than those immediately after 
treating. The addition of an oxidizing agent such as sodium 
chlorate to the dough does not have a bleaching effect. 

The fact that the absorption of the unbleached flour was nota- 
bly higher than that of the bleached after standing only three 
weeks was a surprise, and moisture determinations showed that 
the moisture content of the different flours was the same within 
less than 0.1 per cent. This seems to indicate that, at least in this 
case, the bleached flour was in some respects already beginning 


to deteriorate, in comparison with the unbleached. 


| Discussion 

The attempt has often been made to explain the improvement 
in baking quality of flour due to aging and to maturing as being 
the result of the increase in H-ion concentration. That this explana- 
tion is not sufficient may be seen from several facts. The addi- 
tion of acid alone to the dough will not entirely take the place of 
aging or maturing. Bleaching methods using nitrogen trichloride 
or benzoyl peroxide have very little effect upon H-ion concentra- 
tion, but are very effective in maturing the flour. (In the case 
of benzoyl peroxide the maturing effect is slow). 

All living cells contain certain fat-like substances called phos- 
phatides. These phosphatides are to some extent soluble or ca- 
pable of being dispersed in water, are very unstable, and are be- 
_ lieved to be instrumental in the process of respiration. Any sub- 
stances as unstable as the phosphatides are sure to be materially 
altered by the powerful oxidizing agents such as are used in flour — 
bleaching. The respiration of wheat and flour is probably an im- _ 
portant factor in aging, and consequently a change in the phos- 
phatides would be expected to accompany natural aging in flour. 

The phosphatides in a flour have been shown to have an im- 
portant influence on the baking qualities of that flour. As the same 
changes that may be expected materially to alter the phosphatides 
have an important effect on the baking qualities of the flour, it is 
reasonable to look for a causal relationship between the two. 

The deleterious effect upon bread dough of the addition of 
quantities of phosphatide of the order of 0.5 to 1% has been noted 
by the author. (1924). At that time it was not fully realized 
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that a smaller amount, such as that normally present in a good 
patent flour, might possibly have a beneficial effect. The evi-— 
dence on this point is not yet conclusive, but seems to indicate 
that the latter is the case. The beneficial effect of small amounts 
of oxidizing agents seems to be due to their action in rendering 
phosphatides more soluble in water. Whether the detrimental ef- 
fect of excessive oxidation might be due to the destruction of phos- 
phatide, to the liberation of too much phosphatide, or to a destruc- 
tive effect on the protein itself, is as yet unknown. There is also | 
need for intensive study of the requirement of the lower grades 
of flour for more vigorous oxidation than the patent flours will 
stand. The higher ash content of these flours might so decrease 
the dispersion of phosphatide as to require the liberation of a 
greater amount, or, on the other hand, the larger quantity of phos- 
phatide present might need to be partially destroyed by oxidation. 

After milling, the quality of normal flour improves for some 
time, reaches a maximum, and then begins to deteriorate. Prelimi- 
nary experiments and general observation indicate that this de- 
terioration begins sooner in bleached flours than in unbleached. 
Flour cannot be so bleached at the mill as to insure optimum bak- 
ing quality at the time of baking, as this time cannot be known 
in advance, and the degree of oxidation required varies with the 
baking procedure. Consequently, if the baker is to obtain best 
results, he must in many cases add an additional oxidizing agent. 
It seems possible that larger bakeries could secure several impor- 
tant advantages by buying unbleached flour and bleaching shortly 
before use. By this means the period of maximum quality in the — 
flour would be prolonged and the severity of oxidation could be 
accurately adjusted to the needs of the flour at the time and to 
the baking procedure used. The use of proprietary materials of 
unknown composition could also be dispensed with, and yeast 
foods and salts effective in toughening gluten be added in the most 
desirable quantities without at the same time using too much or 
too little of some oxidizing agent. 


Summary 
The bleaching of flour has developed along such lines that the 
actual destruction of color is scarcely more important than the ac- 
companying effects generally known as “maturing.” Theoret- 
ically, this maturing should be similar to the Sevmapment obtained 
in dough by the use of oxidizing agents. 


September 1928 | E. B. WORKING 435 


The use of lactic acid and a heavily over-bleached flour will 
give the same results in developing a dough for a no-dough-time 
baking method as will the use of acid with sodium chlorate 
or other oxidizing agents. 

The quality of normal flour improves for some time after mill- 
_ ing, reaches a maximum, and then begins to deteriorate. Prelimi- 
nary experiments and general observation indicate that this de- 
terioration begins sooner in bleached flours than in unbleached. 
Thus it seems possible that large bakeries could prolong the period 
of maximum quality in their flour by buying unbleached flour and 
bleaching shortly before use. In this way the severity of the oxi- 
dation could be accurately adjusted to the needs of the flour at the 
time and to the fermentation schedule desired. | 
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